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wavelength, wherein the half-reflecting 
wavelength is a wavelength which is located at 
the long or short wave side of the wavelength 
exhibiting maximum reflectivity on the basis of a 
spectrum of reflected light in a predetermined 
wave range in which the natural light is separated 
into the reflected light and the transmitted light, 
and wherein the half-reflecting wavelength is 
defined as the wavelength which exhibits a 
reflectivity of 50% with respect to the maximum 
reflectivity, the half-reflecting average wavelength 
being the average of the half-reflecting 
wavelengths measured over the surface of the 
element The optical element is a laminate of the 
polarizing element and of an absorption type 
polarizing plate. The polarized light supply unit 
has a surface light source provided with a 
reflection layer, and either one of the polarizing 
element and the optical element is disposed 
above the surface light source. The liquid-crystal 
cells are disposed on the light output side of the 
polarized light supply unit. 
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Polarizing element for sepafating natural light into reflectedThd transmitted 
polarized light, and liquid-crystal display device comprising such a polarizing 
element 

Description of EP1058148 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 



[0001] The present invention relates to a polarizing element adapted for improvement in brightness, 
suppression of display blur, etc. in a liquid-crystal display device, and an optical element and a polarized 
light supply unit using such a polarizing element. 

[0002] The present application is based on Japanese Patent Application No. IHei. 1 1-135333, which is 
incorporated herein by reference. 



2. Description of the Related Art 



[0003] An element constituted by a laminate of cholesteric liquid-crystal layers and a quarter-wavelength 
plate or an element constituted by a birefringent multilayer film is heretofore known as a polarizing element 
which can improve brightness of a liquid-crystal display device by overcoming such a disadvantage of the 
absorption type polarizing plate that about an half of incident light is absorbed as a loss (Japanese Patent 
Publication No. Hel. 4-268505 and PCT No. 95/17691). 

[0004] The aforementioned element was designed so that lineariy polarized light was made incident on an 
absorption type polarizing plate under coincidence of axes of polarization to thereby prevent the 
absorption loss. There was. however, a problem that visual recognition property was lowered largely like 
the case of a prism array layer because remaricable display blur occurred when a liquid-crystal display 
device using the aforementioned element was viewed obliquely. Incidentally, in the prism array layer for 
achieving improvement of brightness by light path control, visual recognition property was lowered greatly 
at an obliquely viewing angle not smaller than about 40 degrees because of lowering of brightness. 



SUMMARY OF THE INVENTION 



[0005] An object of the present invention is to develop a polarizing element, an optical element and a 
polarized light supply unit, which can generate polarized light low in absorption loss due to an absorption 
type polarizing plate, which can supply incident light to liquid-crystal cells with good light utilizing efficiency 
and which can form a liquid-crystal display device excellent in brightiiess and little in display blur. 

According to an aspect of the present invention, there is provided a polarizing element having a 
function of separating natural light into reflected or transmitted light composed of polarized light, wherein a 
half-reflecting wavelength in each position in a surface of the polarizing element ranges within +/-10 nm 
relative to a half-reflecting average wavelength. Hereupon, the half-reflecting wavelengtii is a wavelength 
which is located at a long or short wave side of a wavelength exhibiting maximum reflectivity on the basis 
of a spectrum of reflected light in a predetermined wave range in which the natural light is separated into 
the reflected light and ttie transmitted light. And the half-reflecting wavelength exhibits reflectivity of 50 % 
with respect to the maximum reflectivity. The half-reflecting average wavelength is an average of half- 
reflecting wavelengths in the whole surfece of the polarizing element. 

[0007] The present invention further provides: an optical element including the aforementioned polarizing 
element, and an absorption type polarizing plate laminated on the polarizing element through an adhesive 
layer; a polarized light supply unit including a surface light source provided with a reflection layer, and the 
aforementioned polarizing element or optical element disposed above the surface light source; and a 
liquid-crystal display device including the polarized light supply unit, and liquid-crystal cells disposed on 
the light output side of the polarized light supply unit through an absorption type polarizing plate. 

[0008] According to the present Invention, there can be formed a liquid-crystal display device which is so 
excellent in a polarized light separating function tiiat polarized light low in absorption loss due to ah 
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absorption type polarizing plate is pi^^d with good incident light utilizing efficien(^H| which is so 
excellent In brightness so that displa^lror such as coloring is suppressed even at ai^Wiquely viewing 
direction. This is based on suppression of scattering in half-reflecting wavelength in respective positions in 
a surface relative to a half-reflecting average wavelength. 

[0009] Features and advantages of the invention will be evident from the following detailed description of 
the prefenBd embodiments described in conjunction with the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0010] In the accompanying drawings: 

Fig. 1 shows a sectional view of an example of an optical element; and 

Fig. 2 shows a sectional view of an example of a liquid-crystal display device. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[001 1] The polarizing element according to the present invention has a function of separating natural light 
Into reflected or transmitted light composed of polarized light, wherein a half-reflecting wavelength in each 
position in a surface of Oie polarizing element ranges within +/-10 nm relative to a half-reflecting average 
wavelengtti when the half-reflecting wavelength is a wavelength which is located at a long or short wave 
side of a wavelength exhibiting maximum reflectivity on the basis of a spectrum of reflected light in a 
predetermined wave range in which the natural light is separated into the reflected light and the 
transmitted light. And the half-reflecting wavelengtti exhibits reflectivity of 50 % with respect to the 
maximum reflectivity. The half-reflecting average wavelength is an average of half-reflecting wavelengttis 
In the whole surface of the polarizing element 

[0012] The polarizing element exhibiting a function of separating natural light into reflected or ti^nsmitted 
light parts of polarized light may be made of a suitable material. Incidentally, an example of the polarizing 
element is a circular polarized-light separating layer such as a cholesteric liquid-crystal oriented layer for 
separating natural light Into left and right circulariy polarized light parts through reflection and b^nsmission 



[001 3] Another example of the aforementioned polarizing element is an element capable of transmitting 
lineariy polarized light with a predetermined axis of polarization and reflecting light other tiian the lineariy 
polarized light, such as an element which is formed by laminating a large number of polymer layers of 
different photoelastic coefficient types, for example, from 10 to 1000 layers, and sb-etching the laminate so 
that refractive indices of the layers in a predetemiined direction in a plane are made coincident with one 
another but refractive indices of the layers in a direction perpendicular to the predetermined direction are 
made different from one another. 

[0014] The aforementioned cholesteric liquid crystal exhibits a circulariy polarized light separating function 
having a wavelengtti characteristic which varies in accordance with the difference between helical pitches 
of Grandjean orientation. In the present invention, the circulariy polarizing light separating layer may be of 
a suitable form type, such as a circulariy polarizing light separating layer having its helical pitch varying in 
a direction of tiie ttiickness thereof, a circulariy polarizing light separating layer constituted by a 
superposed body of two or more cholesteric liquid-crystal layers different in the centi-al wavelength of 
reflected light, or a circulariy polarizing light separattng layer fomried as a combinatton of tiie 
aforementioned two types of circulariy polarizing light separating layers by superposing two or more 
cholesteric liquid-crystal layers different in helical pitch In order of length based on the central wavelength 
of reflected light to make the helical pitch vary in a direction of the ttiickness thereof. 

[0015] The superposition of two cholesteric liquid-crystal layers or three or more cholesteric liquid-crystal 
layers different botii in scattering in helical pitch in a direction of the thickness and in tiie central 
wavelengtti of reflected light, that is. different in helical pitch, aims at widening and elongating ttie wave 
range of ttie separating function, etc. That is. in a single cholesteric liquid-crystal layer oriented in a 
predetemiined direction, the wave range exhibiting selective reflection property (dichroism for circularly 
polarized light) Is generally limited. Alttiough the limit may be a wide range covering an about 100 nm 
width, even ttie wave range cannot cover the whole range of visible light required for application to a 
liquid-crystal display device, or ttie like. Therefore, ttie superposition of cholesteric liquid-crystal layers 
aims at widening the range of scattering in helical pitch to thereby widen the wave range exhibiting 
dichroism for circulariy polarized light, etc. 

[0016] Incidentally, a circulariy polarizing light separating layer which can cover the range of visible light 
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can be fomned efficiently by superpd^Hbeveral kinds of cholesteric liquid-crystal l£^Bv\nth the central 
wavelength of selective reflection in ^mge of from 300 to 900 nm and different in hellral pitch in such a 
combination that light circularly polarized in one direction is reflected. Further, the superposition of a 
combination of cholesteric liquid-crystal layers reflecting light circulariy polarized in one direction aims at 
arranging the phase states of circulariy polarized light reflected by the respective layers to prevent 
different polarized states from occum'ng between the respective wave ranges to thereby increase the 
quantity of polarized light allowed to be used. 

[0017] In the aforementioned circulariy polarizing light separating layer, the superposition of cholesteric 
liquid-crystal layers in order of length based on the central wavelength of reflected light aims at 
suppressing the color change of transmitted light caused by the view angle change, etc. In this case, there 
may be allowed a stratified structure having two or more cholesteric liquid-crystal layers of the same 
helical pitch type, such as a form in which one cholesteric liquid-crystal layer different in helical pitch from 
cholesteric liquid-crystal layers of the same helical pitch type is interposed between the cholesteric liquid- 
crystal layers of the same helical pitch type or two or more cholesteric liquid-crystal layers different in 
helical pitch from cholesteric liquid-crystal layers of the same helical pitch type are interposed between the 
cholesteric liquid-crystal layers of the same helical pitch type in order of size of the central wavelength as 
described above. 

[0018] A low molecular weight cholesteric liquid crystal, or Uie like, may be used for fomiing tiie circulariy 
polarizing light separating layer. From the point of view of handling characteristic, thin-film characteristic, 
etc. of the resulting polarizing element, a cholesteric liquid-crystal polymer may be preferably used. In ttiis 
case, the polarizing element can be obtained as a single layer body of a cholesteric liquid-crystal polymer 
film, or the like, ores a multilayer body of the cholesteric liquid-crystal polymer film supported by a plastic 
film, or the like. The polarizing element preferred from the point of view of enlargement, etc. of ttie view 
field angle for good visual recognition of the liquid-crystal display device, or the like, is made of a 
cholesteric liquid-crystal polymer which is Grandjean-oriented in a faultiess state of its domain, or the like. 

[0019] Incidentally, any suitably polymer may be used as Oie cholesteric liquid-crystal polymer without any 
particular limitation. Hence, various kinds of polymers such as a main chain type or side chain type 
polymer in which a conjugate linear atom group (mesogen) for donating liquid-crystal orientation is 
introduced into the main or side chain of the polymer, etc. may be used. The wave range for selective 
reflection becomes wider as the difference between indices of double refraction of the cholesteric liquid- 
crystal polymer increases. Accordingly, a cholesteric liquid-crystal polymer larger in the difference 
between indices of double refraction may be preferably used from the point of view of reduction of the 
number of layers, room for wavelength shifting at a large view field angle, etc. Incidentally, the liquid- 
crystal polymer preferred from the point of view of handling characteristic, stability of orientation at a 
practical temperature, etc. is a polymer having a glass transition temperature in a range of from 30 to 150 
DEG C. 

[0020] Incidentally, an example of the main chain type liquid-crystal polymer is a polymer having a 
structure in which a mesogen group made of a para-substitutional cyclic compound, etc. is bonded 
through a spacer portion for donating flexibility as occasion demands. Specific examples of the polymer 
are polyester polymers, polyamide polymers, polycarbonate polymers, polyester-imide polymers, etc. 

[0021] On the other hand, an example of the side chain type liquid-crystal polymer is a polymer which 
contains polyacrylate, polymethacrylate. polysiloxane, polymalonate, or the like, as a main chain frame, 
and a low-molecular liquid-crystal compound (mesogen portion) made of a para-substitutional cyclic 
compound, etc. as a side chain, through a spacer portion made of a conjugate atom group as occasion 
demands. Specific examples of the polymer are nematic liquid-crystal polymers containing low-molecular 
chiral agents, liquid-crystal polymers having chiral components introduced therein, mixed liquid-crystal 
polymers of nematic and cholesteric liquid-crystal polymers, and so on. 

[0022] As described above, even the polymer having a para-substitutional cyclic compound for donating 
nematic orientation characteristic constituted by para-substitutional aromatic units, para-substitutional 
cyclohexyl cyclic units, etc. such as an azomethyne type, an azo type, an azoxy type, an ester type, a 
biphenyl type, a phenylcyclohexane type, or a bicyclohexane type, can be cholesterically oriented by a 
method of introducing a suitable chiral component made of an asymmebic carbon-containing compound or 
tiie like, a low-molecular chiral agent, or the like (Japanese Patent Publication No. Sho. 55-21479, United 
States Patent No. 5332522. and so on). Incidentally, tiie terminal substitutional group in a para position in 
the para-substitutional cyclic compound may be a suitable group such as a cyano group, an alkyi group, 
an alkoxy group, etc. 

[0023] Further, examples of tiie spacer portion are a polymethylene chain -(CH2)n-, a polyoxymethylene 
chain - (CH2CH20)m-, etc. exhibiting flexibility. The number of times of repetition of structural units 
forming the spacer portion is detemiined suitably on the basis of the chemical structure, etc. of the 
mesogen portion. In the case of a polymethylene chain, the number n is generally in a range of from 0 to 
20, especially in a range of ft-om 2 to 12. In tiie case of a polyoxymethylene chain, the number m is 
generally in a range of from 0 to 10. especially in a range of from 1 to 3. 
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[0024] The formation of the circularly^^rizing light separating layer of the cholestenWquid-crystal 
polymer can be perfomied by a method according to the background-art low-molecular liquid-crystal 
orientation process. Incidentally, an example of the method is a method comprising the steps of: spreading 
a liquid-crystal polymer on a suitable oriented film such as an oriented film prepared by forming a film of 
polyimide polyvinyl alcohol, polyester, polyallylate. polyamide-imide. polyether-imide, or the like, on a 
support base material and rubbing the film with a rayon fabric, or the like, an obliquely vapor deposited 
layer of Si02. an oriented film subjected to a stretching process, or the like; heating the liquid-crystal 
polymer at a temperature not lower than the glass transition temperature but lower than the isotropic 
phase transition temperature; and cooling the liquid-crystal polymer to a temperature lower than the glass 
bansition temperature in a Grandjean-oriented state of molecules of the liquid-crystal polymer to thereby 
make the liquid-crystal polymer in a glass state to thereby fomi a solidified layer having the onentation 
fixed. 

[0025] A suitable material such as a single or laminated layer or a stretched film of plastics such as 
triacetyl cellulose, polyvinyl alcohol, polyimide, polallylate. polyester, polycarbonate, polysulfone. 
polyether-sulfone, amorphous polyolefin. denatured acrylic polymer, or epoxy resin, a glass plate, or the 
like, may be used as the aforementioned support base material. A plastic film is preferred from the point of 
view of reduction of thickness, etc. 

[0026] The spreading of the liquid-crystal polymer can be performed, for example, by a method comprising 
the steps oft spreading a solution of the liquid-crystal polymer dissolved in a solvent into a thin layer by a 
suitably method such as a spin coating method, a roll coating method, a flow coating method, a printing 
method a dip coating method, a cast coating method, or the like; and drying the thin layer as occasion 
demands. Especially, a method such as a spin coating method, or the like, is preferred because a film 
excellent in unifomiity of thickness can be formed. Incidentally, a suitable solvent such as methylene 
chloride, cyclohexanone, trichloroethylene. tetrachloroethane. N-methylpyrolidone, tetrahydrofuran, or the 
like, may be used as the foregoing solvent. 

[0027] The heating process for orienting the spread layer of the liquid-crystal polymer can be perfomned by 
heating the liquid-crystal polymer in a temperature range of from the glass transition temperature to the 
isotropic phase transition temperature of the liquid-crystal polymer as described above, that is. in a 
temperature range in which the liquid-crystal polymer exhibits a liquid-crystal phase. Further, the fixation of 
the oriented state can be performed by cooling the liquid-crystal polymer layer to a lower temperature than 
the glass transition temperature. The condition for cooling is not particulariy limited. Since the 
aforementioned heating process can be generally perfomned at a temperature not higher than 300 DEG C, 
a naturally cooling method is generally employed. Incidentally, various additives such as a stabilizer, a 
plasticizer, metals, etc.. can be mixed with the spread solution of the cholesteric liquid-crystal polymer as 
occasion demands. 

[0028] The prefen-ed thickness of the liquid-crystal polymer solidified layer fomied on the support base 
material is in a range of from 0.5 to 50 mu m. especially in a range of from 1 to 30 mu m. particularly in a 
range of from 2 to 10 mu m, from the point of view of prevention of both orientation disorder and lowering 
of transmissivity, width of the wave range for selection reflection, etc. The liquid-crystal polymer solidified 
layer on the support base material may be integrated with the support base material or may be used as a 
film, or the like, separated flrom the support base material. Incidentally, in the case of using the support 
base material, the prefenred total thickness of the layer inclusive of the base material is in a range of from 
2 to 500 mu m. especially in a range of fl-om 5 to 300 mu m. particulariy in a range of firom 10 to 200 mu 
m. 

[0029] Incidentally, the production of the circulariy polarizing light separating layer with its helical pitch 
varying in a direction of the thickness thereof can be perfomned, for example, by an operation of sticking a 
predetermined number, two or three or more, of oriented cholesteric liquid-crystal polymer layers to one 
another by hot pressing. A suitable method such as a method of heating the cholestenc liquid-crystal 
polymer layers to a temperature not lower than the glass transition temperature but lower than the 
isotropic phase transition temperature through suitable hot pressing means such as a roll laminator to 
thereby contact-bond the cholesteric liquid-crystal polymer layers to one another can be employed for the 
hot pressing process. In the case of liquid-crystal polymer solidified layers integrated with support base 
materials respectively, a circulariy polarizing light separating layer with its helical pitch varying in a 
direction of the thickness thereof can be obtained by superposing the solidified layers in accordance with 
the above description so that the solidified layers come into contact closely with each other. 

[0030] Incidentally, the circulariy polarizing light separating layer having its helical pitch varying in a 
direction of the thickness thereof may exhibit a continuous wave range of reflected light or may exhibit a 
discontinuous wave range of reflected light. The circularly polarizing light separating layer which is 
preferable ft-om the point of view of prevention of occun-ence of color blur, etc. exhibits a continuous wave 
range of reflected light. For example, such a circulariy polarizing light separating layer can be produced by 
a method in which a superposed body of cholesteric liquid-crystal polymer layers fomried by the 
aforementioned hot pressing operation, or the like, is heated at a temperature not lower than the glass 
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transition temperature but lower that^^nsotropic phase transition temperature to tt^Hy form a mixed 
layer of cholesteric liquid-crystal poly^^ for forming upper and lower layers in a clo^ro^ntact interface 
therebetween. 

[0031] In the above description, the cholesteric liquid-crystal polymer layer formed by mixing cholesteric 
liquid-crystal polymers of the upper and lower layers forms a circularly polarizing light separating layer with 
its helical pitch different from those of the upper and lower layers and varying multistageously in a 
direction of the thickness thereof. Generally, the helical pitch of the circularty polarizing light separating 
layer takes one of intermediate values between those of the cholesteric liquid-crystal polymer layers for 
forming the upper and lower layers, so that the drculariy polarizing light separating layer together with the 
upper and lower layers forms a region exhibiting a continuous wave range of reflected light. 

[0032] Accondlngiy, when cholesteric liquid-crystal polymer layers are used in combination so tiiat Uie 
wave ranges of reflected light in the upper and lower layers do not overiap each other, that is, when 
cholesteric liquid-crystal polymer layers are used in combination so Uiat a missing region due to 
discontinuity is present in a wave range of reflected light, the cholesteric liquid-crystal polymer layer 
formed by mixing the upper and lower layers compensates for the foregoing missing region so that the 
wave range of reflected light can be made continuous. Hence, for example, a circulariy polarizing light 
separating layer capable of reflecting light even in a wave range of from 500 to 600 nm, which is a 
discontinuous reflected lightwave range, can be obtained by use of two kinds of cholesteric liquid-crystal 
polymer layers exhibiting a reflected light wave range of not larger than 500 nm and a reflected light wave 
range of not smaller than 600 nm respectively. What is meant by this is that a circularly polarizing light 
separating layer exhibiting a wide-band reflection wave range can be formed by superposition of a smaller 
number of cholesteric liquid-crystal polymer layers. 

[0033] The polarizing element to be used in the present invention is provided so that a half-reflecting 
wavelength in each position in a surface of the polarizing element ranges within +/-10 nm, especially 
within +/-9 nm. particulariy within +/-8 nm (scattering characteristic) relative to a half-reflecting average 
wavelength when the half-reflecting wavelengtii is a wavelength which is located at the long or short wave 
side of a wavelength exhibiting the maximum reflectivity on tiie basis of the spectrum in a predetermined 
wave range of light reflected by the polarizing element and which exhibits a reflectivity of 50 % with 
respect to Hie maximum reflectivity, and the half-reflecting average wavelength is the average of half- 
reflecting wavelengOis in the whole surface of tiie polarizing element. 

[0034] The aforementioned predetemiined wave range is detemiined suitably on the basis of the reflection 
property exhibited by the polarizing element used. Since a liquid-crystal display device, especially a color 
liquid-crystal display device, needs light covering tiie whole wave range of visible light, it is preferable that 
ttie aforementioned scattering characteristic is satisfied in a range including the whole wave range of 
visible light, such as a wave range of flrom 300 to 1000 nm. 

[0035] Incidentally, in a layer witti a combination of reflection wave ranges, such as the aforementioned 
circulariy polarizing light separating layer formed by superposing two or more cholesteric liquid-crystal 
layers different in the cential wavelengtii of reflected light, a specti^l waveform having a plurality of peaks 
shaped like a chain of chevrons, or the like, may be often generated because the spectral waveform as a 
whole is generated by a combination of chevron-shaped or trapezoidal spectral waveforms based on the 
respective liquid-crystal layers. 

[0036] According to tiie present invention, a wavelength exhibiting maximum reflectivity in the 
predetermined wave range is determined uniquely even in the case where there are a plurality of peaks as 
described above. On the other hand, when light with a plurality of half-reflecting wavelengths exists on tiie 
long or short wave side of the wavelength exhibiting Uie maximum reflectivity, the condition for the 
aforementioned scattering is judged upon all the half-reflecting wavelengttis. The polarizing element 
satisfying the condition for the aforementioned scattering is used in the present invention. 

[0037] In Uie case of a cholesteric liquid-crystal layer, the aforementioned scattering characteristic can be 
achieved by making the thickness of the layer as uniform as possible. In the case of a plurality of layers, 
the aforementioned scattering characteristic can be achieved by making the thickness of each layer as 
uniform as possible. In tiie case where a factor such as an ultiaviolet absorber, or tiie like, which brings a 
pitch change in a thickwise direction, is contained, the aforementioned scattering characteristic can be 
achieved by improving boUi dispersibility of the factor and uniformity of the quantity of ultraviolet-light 
irradiation, etc. Particulariy, in a cholesteric liquid-crystal layer, unevenness of thickness caused by 
unevenness of coating, etc. makes tiie aforementioned scattering so large as to be apt to cause display 
blur. 

[0038] When the cholesteric liquid-crystal layer having its pitch varying in a direction of the thickness 
thereof is formed so Uiat the pitch changes from a large value to a small value lineariy viewed from the 
quarter-wavelength plate side, there is a tendency that the scattering on the long wave side has a large 
Influence on display blur. When the cholesteric liquid-crystal layer is contrariwise formed so that the pitch 
changes from a small value to a large value lineariy viewed from the quarter-wavelength plate side, there 
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is a tendency that the scattering on t^^ort wave side have a large influence on di: 

[00391 On the other hand, the aforementioned scattering characteristic In the polarizing element capable of 
transmitting linearty polarized light with a predetermined axis of polarization but reflecting oUier ttian the 
linearty polarized light can be achieved by making boUi thicl<ness and birefringent property of each 
constituent layer of the multilayer film as unifonm as possible, etc. In such a multilayer film type polanzing 
element, the birefiingent property difference particulariy caused by unevenness of sfa-etching makes ttie 
scattering so large as to be apt to cause display blur. Accordingly, it is preferable that the stretching 
process is perfomned while tiie temperature for sti^tching the laminated film is kept as constant as 
possible. Incidentally, in Oie multilayer film type polarizing element, ttiere is a tendency that the scattenng 
both on the long and shortwave sides have a large Infiuence on display blur. 

[00401 The use of ttie polarizing element exhibiting the aforementioned scattering characteristic can 
improve ttie brightness of ttie liquid-crystal display device, or ttie like, stably and can suppress occurrence 
of display biuret an obliquely viewing angle. Furttier, lowering of frontal brightoiess can be suppressed 
when a prism anay layer is disposed. 

[00411 The polarizing element according to ttie present invention can be preferably used for forming ttie 
liquid-crystal display device, ete. as described above. In ttiis case, ttie polarizing element having ttie 
aforementioned circulariy polarizing light separating layer may be used with a quarter-AwavelengUi plate 
attached to at least one surface of the polarizing element. Such a quarter-wavelengtti plate, which aims at 
linearty polarizing circulariy polarized light to-ansmitted ttirough tiie circulariy polanzing light separating 
layer may be disposed on eittier firont or rear surface of ttie circulariy polarizing light separatinglayer even 
in ttie case where tfiere is a difference in ttie centtal wavelengtti of reflected light between ttie firont and 
rear surfaces. 

[00421 The quarter-wavelengtti plate may be formed by using one phase difference layer or of two or more 
phase difference layers. In ttie case of a visible light range, a quarter-wavelengtti plate witti a frontal phase 
difference in a range of from 100 to 180 nm Is preferably used from ttie point of view of the linearly 
polarizing effect, compensation for ttie color change caused by obliquely ttansmitted light e^. That is. the 
quarter-wavelengtti plate preferably used satisfies ttie fomiula: (nx - ny)d = DELTA nd = flrom 100 to 180 
nm when nx represents ttie maximum refractive index in a surface of the quarter-wavelengtti plate, ny 
represents ttie reftactive index in a direction perpendicular to the surface, nz represents ttie refractive 
Index in a direction of ttie ttiickness of ttie quarter-wavelengtti plate, and d represente Uie ttiickness of the 
quarter-wavelength plate. 

[0043] A phase difference layer, which may be used, as occasion demands, together with the phase 
difference layer exhibiting the function of ttie aforementioned quarter-wavelengtti plate, is provided for 
compensation's sake so ttiat ttie color balance of light obliquely ttansmitted through the phase difference 
layer exhibiting ttie quarter-wavelengtti plate function is made more sufficiently coincident with the color 
balance of light perpendlcularty transmitted ttirough ttie phase drfference layer, so ttiat intermediate colors, 
which are less colored, can be visually recognized through the absorption polarizing plate. A phase 
difference layer witti a frontal phase difference ( DELTA nd) in a range of from 1 00 to 720 nm is preferably 
used. 

[0044] Incldentelly, in ttie above description, the aforementioned phase difference layer which can be 
preferably used from the point of view of compensation for ttie color change, ete. is a layer which has a 
larger reftactive index in a direction of ttie ttiickness ttian tiiat in one direction or those in botti directions in 
ttie surface or a layer in which Nz expressed by ttie formula: (nx - nz) /(nx -ny) is not larger than 5, 
preferably not larger tiian 2, more preferably not larger ttian 1 .5, fijrther preferably not larger ttian 1.1 
(each permitting minus values). 

[0045] The phase difference layer can be fomfied of any material at option. A material excellent in 
ttansparency and especially exhibiting light transmissivity of not lower than 80 % to donate a unifonn 
phase difference is prefenad. Examples of ttie material to be used generally are sfretched films and liquid- 
crystal polymers made of plastics, such as polycartjonate. polyester, polysulfone. polyetiier-sulfone. 
polystyrene, polyolefins such as polyetiiylene and polypropylene, polyvinyl alcohol, cellulose acetate 
polymer, polyvinyl chloride, polyvinylidene chloride, polyallylate, polymettiyl methacrylate, polyamide, etc. 
Especially, liquid-crystal polymers oriented twistedly are used preferably. 

[0046] The aforementioned phase difference layer having a large refractive index in a direction of the 
ttiickness ttiereof can be fomied by a suitable metiiod such as a metiiod in which a film formed of tiie 
aforementioned polymer, or ttie like, by a suitable mettiod such as a casting mettiod. an extrusion method, 
or ttie like, is sb-etched or shrunken under heating by a uniaxial or biaxial mettiod. for example, while ttie 
film is bonded to a heat-shrinkable film. 

[0047] The aforementioned characteristic such as DELTA nd. Nz, etc. of ttie phase difference layer can be 
controlled by changing ttie condition for ttie material and ttiickness of tiie film, ttie magnification of sttetch 
(shrinkage), ttie temperatere for stretch (shrinkage), etc. The general ttiickness of the phase difference 
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single layer. The thickness is not limi 
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in a range of from 20 to 200 



terms of a 



[0048] Incidentally, when a phase difference layer such as a quarter-wavelength plate is formed of a liquid- 
crystal polymer, the phase difference plate can be obtained as a plate having a suitable form such as an 
oriented film of the liquid-crystal polymer, an oriented layer of the liquid-crystal polymer supported by a 
transparent base material, or the like, on the basis of the case of the aforementioned circularty polarizing 
light separating layer. In the casing of using a liquid-crystal polymer, an aimed phase difference layer can 
be formed without any stretching process. 

[0049] The quarter-wavelength plate may be constituted by a single phase difference layer as described 
above or may be constituted by a superposed body of two phase difference layers or of three or more 
phase difference layers different in phase difference. The superposition of such phase difference layers 
different in phase difference is effective for enlargement of ttie wave range pemnitting the function of flie 
quarter-wavelengtti plate or «ie compensating plate as an object etc. When a superposed body of phase 
difference layers is used, it is preferable from ttie aforementioned point of view to dispose at least one 
phase difference layer having a refractive index which is higher in a thickwise direction than at least one of 
refractive indices nx and ny in tiie surface. 

[0050] The polarizing element according to tiie present invention can be put into practical use in tiie fomi 
of an optical element made of a laminate of the polarizing element and an absorption type polarizing plate. 
Fig. 1 shows an example of ttie optical element The reference numeral 1 designates a polarizing element 
(circularly polarizing light separating layer); and 3. an absorption type polarizing plate. Incidentally, in Fig. 
1. a quarter-wavelengUi plate 2 made of a superposed body of pha^e difference plates 21 and 22 is 
disposed between ttie polarizing element 1 and the absorption type polarizing plate 3 because the 
polarizing element 1 is constituted by a circulariy polarizing light separating layer made of a superposed 
body of cholesteric liquid-crystal layers 12 and 13. Incidentally, the reference numeral 11 designates a 
base material for supporting the>t5irculariy polarizing light separating layer 12, 13. 

[0051] A suitable material such as a polarizing film or polyene oriented film impregnated with a dichromatic 
material, or ttie film coated with a ti^nsparent protective layer, may be used as the absorption type 
polarizing plate. Incidentally, an example of the polarizing film is a film fomied by adsort)ing a dichromatic 
material such as iodine, a dichromatic dye. or Uie like, onto a hydrophilic high-molecular film such as a 
polyvinyl alcohol film, a partially fonnalized polyvinyl alcohol film, or an etiiylene-vinyl acetate copolymer 
partially saponified film and by stretching the hydrophilic high-molecular film. Examples of tiie polyene 
oriented film are dehydrates of polyvinyl alcohols, dehydrochlorinates of polyvinyl chlorides, etc. 

[0052] For ttie formation of tiie liquid-crystal display device, a polarizing plate with a high degree of 
polarization such as a polarizing plate containing a dichromatic material is preferably used, from the point 
of view of achievement of a brilliant display, ttiat is. achievement of display of a good contrast ratio due to 
incidence of highly lineariy polarized light to liquid-crystal cells by transmitting highly lineariy polarized light 
through the absorption type polarizing plate while preventing absorption loss as sufficientiy as possible, 
etc. Especially, a polarizing plate containing a dichromatic material and having light transmissivity of not 
lower than 40 % and a degree of polarization of not lower ttian 95.0 %. particularty not lower ttian 99 %, is 
preferably used. 

[0053] Incidentally, the aforementioned transparent protective layer is provided for the purpose of 
protection particularly when the absorption type polarizing plate is as poor in water resistance as a 
polarizing film containing a dichromatic material. The transparent protective layer can be formed by a 
suitable method such as a metiiod of applying plastics, or a method of laminating film-like materials. When 
the transparent protective layer is formed from separate materials such as films, it is preferable from the 
point of view of prevention of reflection loss, etc. that the separate materials are laminated so as to be 
integrated with one another through adhesive layers. 

[0054] The ttiickness of the transparent protective layer may be determined suitably. The thickness is 
selected to be generally not larger than 1 mm. especially not larger than 500 mu m. particularty in a range 
of fi-om 1 to 300 mu m. Incidentally, a suitable material may be used as the plastics. Generally, any one of 
materials exemplified above in the description of the liquid-crystal polymer-supporting tinansparent base 
material, ttie phase difference layer, etc. may be used as the plastics. 

[0055] Incidentally, ttie tiBnsparent resin layer can be formed into the fomi of a suriace fine roughness 
stixichjre by a method of impregnating the transparent resin layer with fine particles, or the like. Suitable 
transparent fine particles, for example, with a mean particle size in a range of from 0.5 to 50 mu m may be 
used as ttie fine particles. Examples of the fine particles are inorganic fine particles of silica, alumina, 
titania. zirconia. tin oxide, indium oxide, cadmium oxide, antimony oxide, etc. which may be electrically 
conductive, and organic fine particles of crosslinked or non-crosslinked polymers, etc. The fine particles 
content is generally in a rage of from 2 to 25 % by weight especially in a range of from 5 to 20 % by 



weight 
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[0056] For arrangement of the absorj^Btype polarizing plate 3 on the upper side oflBtuarter- 

wavelength plate 2 as shown in the drawings, the angle of arrangement of the polarizing plate with respect 
to the quarter-wavelength plate may be detemnined suitably in accordance with the phase difference 
characteristic of the quarter-wavelength plate, the characteristic of circularty polarized light incident 
thereon, etc. From the point of view of improvement of light utilizing efficiency, etc.. the absorption type 
polarizing plate 3 is preferably disposed so that the transmission axis of the absorption type polarizing 
plate is as parallel with the direction of polarization of light lineariy polarized through the quarter- 
wavelength plate as possible. 

[0057] The optical element according to the present invention is provided so that light such as natural light 
from a light source is separated into left and right circularty polarized light parts, left and right lineariy 
polarized light parts, or the like, as light reflected or transmitted through a polarizing element, and that the 
circularty. ellipticaily or lineariy polarized light transmitted or reflected through the polarizing element is 
lineariy polarized through a quarter^avelength plate as occasion demands to supply the thus obtained 
lineariy polarized light to the absorption type polarizing plate, or the like. 

[0058] Accordingly, as shown in Fig. 2. a polarized light supply unit adapted to a back light of a liquid- 
crystal display device, or the like, can be fbnmed by disposing the aforementioned polarizing element or 
optical element on a suitable surface light source 4 such as a side light type light pipe or an EL lamp. 
Incidentally, the surface light source shown in Fig. 2 has a light pipe 4. and a light source 42 disposed on a 
side surface of the light pipe 4. Incidentally. Fig. 2 shows an example of a liquid-crystal display device 
formed by use of such a polarized light supply unit 

[0059] According to the polarized light supply unit shown in Fig. 2, light from the light source 42 is incident 
to the side surface of the light pipe 4. reflected by a rear surface, etc. of the light pipe and output from a 
front surface of the light pipe. The output light is transmitted as specific circularly polarized light 
(perpendicular) or as specific ellipticaily polarized light (oblique) through a circularty polarizing light 
separating layer 1 (polarizing element) disposed on the firont surface side of the light pipe. The transmitted 
light is lineariy polarized through a quarter-wavelength plate 2. The lineariy polarized light is incident to an 
absorption type polarizing plate 3. On the other hand, light reflected as nonspecific circularty polartzed light 
on the circularty polarizing light separating layer 1 is incident to the light pipe again and reflected through 
the reflection layer 41 disposed on the rear surface, etc. of the light pipe. The reflected light is incident as 
retum light to the circulariy polarizing light separating layer 1 again. 

[0060] The state of polarization of the aforementioned light reflected on the circularly polarizing light 
separating layer is changed when the light is reflected on the rear surface of the light pipe, so that part or 
all of the reflected light is transfonned into specific circularly polarized light which can be transmitted 
through the circulariy polarizing light separating layer. Accordingly, the light reflected on the circulariy 
polarizing light separating layer is confined in between the circularty polarizing light separating layer and 
the light pipe while reflection is repeated therebetween until the reflected light is transformed into specific 
circularty polarized light 

[0061] In the side light type light pipe as described above, reflected light is confined in between the 
circularty polarizing light separating layer and the light pipe while reflection is repeated therebetween. In 
course of time, the state of polarization is changed to a state permitting the light to be transmitted through 
the circulariy polarizing light separating layer. As a result, the light is output together with initially 
transmitted light of incident light In this manner, unused part of light due to reflection loss is reduced. 

[0062] On the other hand, light output from the circularly polarizing light separating layer is transformed 
into linearty polarized light or ellipticaily polarized light containing a large amount of lineariy polarized light 
component through the quarter-wavelength plate. The thus transfonned light is little absorbed but 
transmitted through the absorption type polarizing plate when the direction of linear polarization of the light 
coincides with the transmission axis of the absorption type polarizing plate. In this manner, unused part of 
light due to absorption loss is reduced. As a result, light part unused as reflection loss or absorption loss in 
the background art can be utilized effectively to thereby make it possible to improve the light utilizing 
efficiency. Accordingly, a side light type light pipe can be preferably used as a surface light source. 

[0063] Any suitable plate having a reflection layer on its rear surface to output light toward its front surface 
side can be used as the aforementioned light pipe. Preferably, as the light pipe, a plate capable of 
outputting light efficiently without any absorption is used. An example of the preferred light pipe is a known 
side light type back light which is provided in a liquid-crystal, display device and in which a linear light 
source such as a (cold or hot) cathode tube or a light source such as a light-emitting diode is disposed on 
a side surface of the light pipe 4 so that light transmitted through the light pipe is incident on a single 
surface side of the light pipe by diffusion, reflection, diffraction, interference, etc. 

[0064] In the above description, the light pipe designed so that light transmitted in the inside thereof is 
incident on a single surface side can be obtained. In such a light pipe, for example, a diffijsing member is 
provided in the fonm of dote or stripes on a light output surface of a transparent or semitransparent resin 
plate or on a rear surface thereof, or an uneven structure, especially a fine prism array-like uneven 
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structure is given to a light output sui^^f such a resin plate or to a rear surface tt^^. 

[00651 Although the light pipe outputs light through one surface side, the light pipe itself may have a 
function of transfbmiing polarization of light reflected by the polarizing element. When the reflection layer 
41 is further provided on the rear surface of the light pipe, reflection loss can be approximately perfectly 
prevented. The reflection layer such as a diffuse reflection layer or a mirror reflection layer is excellent in 
the function of transforming polarization of light reflected on the polarizing element and can be preferably 
used in the present invention. 

[0066] Incidentally, the diffuse reflection layer represented by an uneven surface, or the like, randam'izes 
the state of polarization by its diffusing function to eliminate the state of polarization. The min-or reflection 
layer is represented by a layer on which aluminum, silver or the like is vapor deposited, a resin plate 
provided with such a vapor deposited layer, and a metal surface of metal foil. Thus, the mirror reflection 
layer inverts the state of polarization when polarized light is reflected by the mirror reflection layer. 

[0067] For the fomiation of the polarized light supply unit, as shown in Fig. 2. a prism array layer 5 made 
of a prism sheet, or the like, for controlling the outgoing direction of light, a diffusing plate for obtaining 
unifonn light emission, reflection means for returning leakage light or auxiliary means such as a light 
source holder for leading outgoing light from a linear light source to a side surface of the light pipe may be 
disposed as one layer or as a suitable combination of two or more layers in a predetermined position such 
as an upper, lower or side surface of the light pipe 4 as occasion demands. 

[0068] In the above description, the prism anray layer or the diffusing plate disposed on the front surface 
side (light output side) of the light pipe, dots given to the light pipe. etc. can function as polarization 
transforming means for changing the phase of reflected light by its diffusing effect, etc. Incidentally, when 
two or more prism anay layers are disposed, the prism an^y layers are preferably disposed in an optical 
anisotropy eliminated state by differentiating the angles of arangement of prism anrays in the respective 
layers from each other, for example, by means of making the prism an^ys cross each other 
perpendiculariy or obliquely. 

[0069] According to the present invention, respective parts including a circularly polarizing light separating 
layer, a quarter-wavelength plate, an absorption type polarizing plate, a light pipe, etc. for fonning a 
polarizing element, an optical element or a polarized light supply unit can be integrally laminated on one 
another through adhesive layers as occasion demands. The integral lamination of constituent parts is 
effective for prevention of lowering of display quality, etc. due to both suppression of reflection loss in each 
interface, and prevention of foreign matter, etc. from invading each interface; and for prevention of 
lowering of compensating efficiency, polarization transforming efficiency, etc. due to displacement of 
optical systems, and so on. Accordingly, also when the circulariy polarizing light separating layer, the 
quarter-wavelength plate, the absorption type polarizing plate, the light pipe, or the like, is fomried of a 
plurality of layers, the layers are preferably bonded to one another through adhesive layers or the like so 
as to be integrated with one another. 

[0070] Any suitable adhesive, or the like, can be used for the aforementioned integral lamination. 
Especially, a tacky layer excellent in stress relaxing property may be preferably used from the point of 
view of suppressing stress produced in the polarizing element, the quarter-wavelength plate, the 
absorption type polarizing plate, or the like, by heat conducted from a light source, or the like, to thereby 
prevent the change of the refractive index caused by photoelastic defomnation to thereby fomi a liquid- 
crystal display device brilliant and excellent in reliability of visual recognition and display quality. 

[0071] A transparent adhesive fonned by use of any suitable polymer such as acrylic polymer, silicone 
polymer, polyester, polyurethane. polyether or synthetic rubber may be used for forming the tacky layer. 
Especially, an acrylic adhesive may be preferably used firom the point of view of optical transparency, 
tacky property, weather resistance, etc. 

[0072] The thickness of the tacky layer may be detemnined suitably. Generally, the thickness is set to be in 
a range of from 1 to 500 mu m. especially in a range of from 2 to 200 mu m. particulariy in a range of finom 
5 to 100 mu m. from the point of view of adhesive force, reduction of thickness, etc. Incidentally, any 
suitable additive can be mixed with the tacky layer as occasion demands. Examples of the additive 
include: tackifiers such as petroleum resin, rosin resin, terpene resin, coumarone-indene resin, phenol 
resin, xylene resin and alkyd resin; a softener such as phthalic ester, phosphoric ester, paraffin chlonde, 
polybutene and polyisobutylene; various kinds of fillers; age resistors; and so on. 

[0073] The fonnation of the integrally laminated optical element, etc. can be achieved, for example, by a 
method in which: a tacky layer provided on a separator of a thin sheet such as a film, surface-treated with 
a releasant is transfen-ed onto an adhesive surface of a polarizing element; a quarter-wavelength plate is 
contact-bonded onto the tacl^ layer as occasion demands; a tacky layer is further transfen-ed onto the 
quarter-wavelength plate in the same manner as described above; an absorption type polarizing plate is 
disposed on the tacky layer; and the laminated parts are contact-bonded to one another. 
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[0074] Alternatively, the formation of ^^tegrally laminated optical element, etc. m^^achieved by any 

suitable mettiod as follows. An examplf^ a method in which: a tacky layer provided ofra separator is 
transfen^d onto an adhesive surface of a light pipe, or the like; a polarizing element is disposed on the 
tacky layer so as to be contact-bonded ttiereto; and a quarter-wavelength plate and an absorption type 
polarizing plate are contact-bonded successively to the polarizing element through tacky layers transfen-ed 
thereonto In the same manner as described above as occasion demands. Anottier example is a method in 
which- adherends such as a polarizing element, an absorption type polarizing plate, a light pipe. etc. are 
laminated on one anotiier in a predetermined sequence thnDugh tacky layers provided on predetermined 
adhesive surfaces in advance; and tine laminate is pressed so ttiat ttie adherends are contact-bonded to 
one anottier collectively. 

[0075] The polarizing element the optical element or ttie polarized light supply unit according to ttie 
present invention may include any suitable optical layer such as a light diffusing plate disposed in a 
suitable position, for example, on a surface tiiereof or between layers. In this case, the optical layer may 
be integrally laminated on the polarizing element, etc. ttirough a tacky layer, or tiie like, excellent in stress 
relaxing property. Such a pre-adhesion method has an advantage for production of an element stabler in 
quality and more excellent In reliability ttian tiie element produced by ttie method of successive adhesion 
in assembling line, etc. 

[0076] Incidentally, parts such as a liquid-crystal layer, a quarter-wavelength plate, an absorption type 
polarizing plate, a light pipe, an adhesive layer, anotiier optical layer, etc, for forming ttie polarizing 
element ttie optical element or the polarized light supply unit according to ttie present invention may be 
formed to have ultraviolet absoriDing ability, for example, by a mettiod of treating ttie parts with an 
ultraviolet absorber such as a salicylic ester compound, a benzophenol compound, a benzotriazole 
compound, a cyanoacrylate compound or a nickel complex salt compound. 

[0077] As described above, the polarizing element or optical element according to ttie present invention is 
combined witti a suitable surface light source such as a side light type light pipe so that light polarized by 
ttie polarizing element is transformed in temis of polarization to be reused as output light as occasion 
demands to ttiereby prevent reflection loss. Moreover, ttie output light is phase-controlled through a 
quarter-wavelengtti plate as occasion demands so that the state of Uie output light is transfomned into a 
state rich in linearty polarized light components capable of being transmitted ttirough an absorption type 
polarizing plate to ttiereby prevent absorption loss due to the absorption type polarizing plate. As a result 
improvement of brightness can be achieved. 

[0078] Accordingly, the polarizing element or optical element according to the present invention can be 
preferably used in various devices as a back light system in a liquid-crystal display device, or ttie like, 
because ttie polarizing element or optical element is sufficiently excellent in light utilizing efficiency to 
provide light to be easily transmitted ttirough an absorption type polarizing plate and is easy to increase 
the area ttiereof, etc. In this case, it is preferable from the point of view of use of output light as a light 
source ttiat ttie output light contains 65 % or more, especially 70 % or more of a linearty polarized light 
component capable of being transmitted through an absorption type polarizing plate in the fomi of linearty 
polarized light or ttie major-axis component of elllptically polarized light. 

[0079] Fig. 2 shows a liquid-crystal display device using ttie polarized light supply unit according to ttie 
present invention as a back light system. In the liquid-crystal display device, liquid-crystal cells 6 are 
disposed ttirough an optical element on ttie light output surface side of the light pipe 4 forming ttie 
polarized light supply unit. The liquid-crystal cells 6 are disposed on the quarter-wavelength plate 2 side of 
the optical element as shown in Fig, 2. In Fig. 2, the reference numeral 61 designates an absorption type 
polarizing plate; and 7, a light diffusing plate for diffusing light for visual recognition. 

[0080] The optical element or polarized light supply unit according to the present invention can be 
particulariy preferably used for forming a liquid-crystal display device having absorption type polarizing 
plates disposed on botti sides of liquid-crystal cells. Incidentally, when the optical element has an 
absorption type polarizing plate on the upper side of the quarter-wavelength plate, the absorption type 
polarizing plate on the optical element side of the liquid-crystal cells can be omitted. 

[0081] Generally, the liquid-crystal display device is formed by suitably assembling constituent parts such 
as an absorption type polarizing plate, liquid-crystal cells, a back light if necessary, a compensating phase 
difference plate, and by incorporating a driving circuit thereinto. According to the present invention, the 
liquid-crystal display device can be formed in accordance with tfie background art without particular 
limitation except ttiat the polarizing element ttie optical element or the polarized light supply unit is 
disposed on the back suriiace of the liquid-crystal cells on ttieir visual recognition side as described above. 
It is, however, preferable that the constituent parts are integrally bonded to one anotiier through tacky 
layers respectively. 

[0082] Further, tiie polarizing element tiie optical element or the polarized light supply unit according to 
the present invention can be preferably adapted to liquid-crystal cells requiring incidence of polarized light 
such as cells using a twist nematic liquid crystal or cells using a supertwist nematic liquid crystal. It may be 
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adapted also to liquid-crystal cells ud^B non-twist liquid crystal, a guest-host liquic^^al containing a 
dichromatic material dispersed therein, a ferroelectric liquid crystal, or the like. 

[0083] When the liquid-crystal display device is formed, for example, suitable optical layers such as a light 
diffusing plate, an anti-glare layer, an anti-reflection film, a protective layer and a protective plate which are 
provided on the polarizing plate on the visual recognition side, or such as a compensating phase 
difference plate which is provided between the liquid-crystal cells and the polarizing plate on the visual 
recognition side may be disposed suitably. Incidentally, generally, an optical layer in which a plurality of 
polymer thin films are laminated (Japanese Patent Publication No. Hei. 4-268505 and PCT No. 95/17691) 
may be disposed between the back light and the liquid-crystal cells for the purpose of improvement of 
brightness, etc. 

[0084] The aforementioned compensating phase difference plate compensates for wavelength's 
dependence on birefringence for the purpose of improvement of the visual recognition property, etc. 
According to the present invention, the compensating phase difference plate may be disposed between 
the absorption type polarizing plate on the visual recognition side and the liquid crystal cells or/and 
between the absorption type polarizing plate on the back light side and the liquid crystal cells as occasion 
demands. Incidentally, any suitable plate may be used as the compensating phase difference plate in 
acconjance witti tiie wave range, etc. The compensating phase difference plate may be fornied as a 
single phase difference layer or as a multilayer of two or more phase difference layers. The compensating 
phase difference plate can be obtained as a stretched film, a liquid-crystal polymer layer, or the like, as 
described in tine aforementioned quarter-wavelength plate. 
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[0085] A tetiBhydrofuran solution containing 20 % by weight of an acrylic thermotropic cholestenc liquid- 
crystal polymer witti a selective reflection wave range A of from 400 to 470 nm was applied onto a 
polyvinyl alcohol-rubbed surface (about 0.1 mu m tiiick) of a triacetyl cellulose film 50 mu m thick by a spin 
coater The film was heated at 160+/-2 DEG C for 2 minutes to be oriented. Then, the film was left at the 
room temperature to be cooled. Thus, a circulariy polarized light separating layer 1,5+/-0.1 mu m tiiick and 
capable of transmitting left circulariy polarized light was formed. 

[0086] Then, circulariy polarizing light separating layers capable of tiBnsmitting left circulariy polarized light 
witti a selective reflection wave range B of from 500 to 580 nm, with a selective reflection wave range C of 
from 600 to 690 nm and witii a selective reflection wave range D of firom 700 to 800 nm. respectively, were 
laminated on ttie aforementioned circularly polarizing light separating layer A successively in the 
aforementioned manner except that the respective layers B. C and D were prepared by changing the ratio 
of two kinds of mesogens. Thus, an element made of a laminate of ttie circularly polarizing light separating 
layers A. B. C and D in alphabetical order and exhibiting dichroism for circulariy polarized light was 
produced. A quarter-wavelength plate made of a stretched film of polycarbonate and having a ft-ontal 
phase difi^erence of 130 nm and an Nz value of 0.5 was bonded onto a surface of the circulariy polarizing 
light separating layer D (larger helical pitch side) tiirough an acrylic tacky layer 20 mu m thick. Thus, a 
polarizing element was produced. 



Example 2 



[0087] A polarizing element was produced similarly to Example 1 except that circulariy polarizing light 
separating layers prepared by changing only the ratio of two kinds of mesogens and capable of 
transmitting left circulariy polarized light with a selective reflection wave range E of ft-om 800 to 910 nm. 
witti a selective reflection wave range D of from 700 to 800 nm, with a selective reflection wave range C of 
from 600 to 690 nm, witii a selective reflection wave range B of from 500 to 580 nm and witti a selective 
reflection wave range A of firom 400 to 470 nm. respectively, were laminated successively to ttiereby 
produce an element made of a laminate of the circulariy polarizing light separating layers E, D. C, B and A 
in order and exhibiting dichroism for circulariy polarized light, and Uiat a quarter-wavelengtti plate made of 
a sti^tched film of polycartDonate and having a firontal phase difference of 130 nm and an Nz value of 2 
was bonded onto a surface of ttie circularly polarizing light separating layer E (larger helical pitch side) of 
the element 



Example 3 



[0088] A hundred layers of polyester or denatured polyester films in a thickness range of firom 2 to 10 mu 
m were laminated alternately in order of thickness and ttiermally contact-bonded at 190 DEG C so as to 
be integrated with one anotiier. Then, such laminates were stretched to be 1.1 times, 1.2 times. 1.3 times 
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and 1.4 times respectively at 170+/-^h3 C. The thus stretched laminates were l3i^|pd and bonded 
onto one another In order of stretchin^Tagnification through acrylic tacky layers 20 nWn thick each. 
Thus, a polarizing element was produced 



Comparative Example 1 

[0089] A polarizing element was produced in the same manner as in Example 1 except that the spin 
coater was replaced by a bar coater by which circulariy polarizing light separating layers 1.5+/-0.5 mu m 
thick each were fbmied. and that the thus fonned circulariy polarizing light separating layers were 
laminated on one another. 

Comparative Example 2 

[0090] A polarizing element was produced in the same manner as in Example 2 except that the spin 
coater was replaced by a bar coater by which circulariy polarizing light separating layers 1.5+/-0.5 mu m 
thick each were fomied, and that the thus obtained circulariy polarizing light separating layers were 
laminated on one another. 

Comparative Example 3 

[0091] A polarizing element was produced in the same manner as in Example 3 except that the laminates 
were stretched to be 1.05 times, 1.10 times. 1.15 times and 1.20 times at 130+/-5 DEG C. and that the 
thus fbnmed resulting stretched laminates were used. 

Evaluation Test 



Half-Reflecting Wavelength ' 

[0092] Reflectivity in each of the polarizing elements produced in Examples and Comparative Examples 
was measured in a wave range of from 300 to 1000 nm by using a spectrophotometer (MCPD-2000). The 
average value of half-reflecting wavelengths at five points in a surface and deviations of the measurement 
value from the average value were examined on the basis of the maximum reflectivity measured. 

Display Blur 

[0093] Each of the polarizing elements produced in Examples and Comparative Examples was disposed 
on a side light type surface light source having: an acrylic light pipe having a thickness of 4 mm and 
having a dot-printed rear surface; a cold-cathode tube with a diameter of 3 mm disposed on a side surface 
of the light pipe; an aluminum vapor deposition film for surrounding the cold-cathode tube; and a reflection 
sheet of a foamed polyester film provided on the dot-printed rear surface of the light pipe. An absorption 
type polarizing plate (SEG1425DU. made by Nitto Denko Corp.) having an axial angle adjusted to exhibit 
the maximum brightness was disposed on the polarizing element. In the aforementioned condition, display 
blur (chromaticity) in an oblique viewing direction was evaluated by eye observation. 

[0094] Results of the aforementioned evaluation were shown in the following Table. 

<tb><TABLE> Columns=4 

<tb> 

<tb>Head Col 1: 

<tb>Head Col 2 to 3: Scattering in Half-Reflecting Wavelength 

<tb>Head Col 4: Display Blur 

<tb> 

<tb>SubHead Col 1: 

<tb>SubHead Col 2: Long Wave Side 

<tb>SubHead Col 3: Short Wave Side 

<tb>Example 1<SEP>750+/-3 nm<SEP>410+/-2 nm<SEP>Little 
<tb>Example 2<SEP>850+/-3 nm<SEP>415+/-4 nm<SEP>Little 
<tb>Example 3<SEP>870+/-5 nm<SEP>400+/-7 nm<SEP>Little 



ittp://v3.espacenetcom/textdes?DB=EPODOC&IDX=EP1 0581 48&F=0&QPN=EP1 0581 48 



04/12/10 



5p@cenet description view 13/13^ V 

<tb>Comparative Example 1<SEP>7^Pl3 nm<SEP>415+/-15 nm<SEP>Remark2^P 

<tb>Comparative Example 2<SEP>845?/-18 nm<SEP>410+/-14 nm<SEP>RemarkaBI^ 
<tb>Comparative Example 3<SEP>880+/-19 nm<SEP>420+/-22 nm<SEP>Remarkable 
<tb></TABLE> 

[0095] Although the invention has been described In its prefen-ed fomi with a certain degree of 
particularity, it is understood that the present disclosure of the prefierred form can be changed in the 
details of construction and in the combination and arrangement of parts without departing from the spirit 
and the scope of the invention as hereinafter claimed. 
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Polarizing element for separating natural light into reflected^d transmitted 
polarized light, and liquid-crystal display device comprising such a polarizing 
element 



1/2 ^— V 



Claims of EP1058148 



1. A polarizing element having a function of separating natural light into reflected light and transmitted light 
each of composed of polarized light, ... . w 
wherein a half-reflecting wavelength in each position in a surface of said polanzing element ranges witnin 
+M 0 nm relative to a half-reflecting average wavelength, and 

wherein (i) tiie half-reflecting wavelengUi is a wavelengtti which is located at a long or shortwave side of a 
wavelength exhibiting maximum reflectivity based on a spectmm of reflected light in a predetermined wave 
range in which the natural light is separated into the reflected light and ttie transmitted light, and tiie half- 
reflecting wavelengtti exhibits reflectivity of 50 % with respect to tiie maximum reflectivity, and (ii) the half- 
reflecting average wavelength is an average of half-reflecting wavelengths in a whole surface of said 
polarizing element 

2. A polarizing element according to claim 1, wherein said polarizing element comprises one of (i) a 
cholesteric liquid-crystal layer and (ii) a combination of the cholesteric liquid-crystal layer and a quarter- 
wavelengtii plate, and said predetermined wave range is from 300 to 1000 nm. 

3. A polarizing element according to claim 1 . wherein said polarizing element comprises an element which 
is capable of tiBnsmitting lineariy polarized light with a predetenmined axis of polarization while said 
element reflects light other than said lineariy polarized light, wherein said predetermined wave range is 
from 300 to 1000 nm. 

4. An optical element, wherein a polarizing element according to any one of claims 1 to 3, and an 
absorption type polarizing plate are laminated one on another through an adhesive layer. 

5. A polarized light supply unit, wherein a polarizing element according to any one of claims 1 to 3 is 
disposed above a surface light source which is provided with a reflection layer. 

6. A polarized light supply unit according to claim 5. wherein said polarized light supply unit has at least 
one prism array layer. 

7 A polarized light supply unit according to claim 6, wherein said polarized light supply unit has at least 
two prism array layers anranged so that ttie directions of arrays in upper and lower layers intersect each 
other. 

8. A liquid-crystal display device wherein liquid-crystal cells are disposed on a light output side of a 
polarized light supply unit according to any one of claims 5 to 7. 

9. A polarizing element according to claims 1 to 3. wherein layers to be fbmied are wholly or partially 
bonded to each otiier through an adhesive layer. 

10. A polarized light supply unit, wherein an optical element according to claim 4 is disposed above a 
surface light source which is provided with a reflection layer. 

1 1 . A polarized light supply unit according to claim 10, wherein said polarized light supply unit has at least 
one prism array layer. 

12. A polarized light supply unit according to claim 11. wherein said polarized light supply unit has at least 
two prism an-ay layers arranged so tiiat ttie directions of arrays in upper and lower layers intersect each 
oUier. 

13. A liquid-crystal display device wherein liquid-crystal cells are disposed on a light output side of a 
polarized light supply unit according to any one of claims 10 to 12. 

14. An optical element according to claim 4, wherein layers to be fomried are wholly or partially bonded to 
each otiier ttirough an adhesive layer. 

15. A polarized light supply unit according to any one of claims 5 through 7, wherein layers to be formed 
are wholly or partially bonded to each other Uirough an adhesive layer. 

16. A liquid-crystal display device according to claim 8, wherein layers to be fonmed are wholly or partially 
bonded to each other through an adhesive layer. 
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(54) Polarizing element for separating natural iiglit into reflected and transmitted polarized light, 
and liquid-crystal display device comprising sucli a polarizing element 



(57) A liquid-crystal display device having a polariz- 
ing element, an optical element, a polarized light supply 
unit, and liquid-crystal cells. The polarizing element has 
a function of separating natural light into reflected and 
transmitted light composed of polarized tight, wherein 
the half-reflecting wavelength measured at each posi- 
tion within the surface of the polarizing element falls 
within ±10 nm relative to the half-reflecting average 
wavelength, wherein the half -reflecting wavelength is a 
wavelength which is located at the long or short wave 
side of the wavelength exhibiting maximum reflectivity 
on the basis of a spectrum of reflected light in a prede- 
termined wave range in which the natural light is sepa- 
rated into the reflected light and the transmitted light, 



and wherein the half-reflecting wavelength is defined as 
the wavelength which exhibits a reflectivity of 50% with 
respect to the maximum reflectivity, the half-reflecting 
average wavelength being the average of the half- 
reflecting wavelengths measured over the surface of the 
element. The optical element is a laminate of the polar- 
izing element and of an absorption type polarizing plate. 
The polarized light supply unit has a surface light source 
provided with a reflection layer, and either one of the 
polarizing element and the optical element is disposed 
above the surface light source. The liquid-crystal cells 
are disposed on the light output side of the polarized 
light supply unit 



FIG, 1 
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RAnKfiRQUNO QP THE INIVENmON 

5 1 . neld of the Invention 

[0001 1 The present invention retates to a polarizing element adapted for improvement in brightness, suppression of 
display blur. etc. in a liquid-crystal display device, and an optical element and a polarized light supply unit using such a 
polarizing element 

10 [0002] The present application is based on Japanese Patent AppRcation No. Hei. 1 1 -1 35333, which is Incorporated 
herein by reference. 

g. Description of the Related Art 

IS [0003] An element constituted by a laminate of cholesteric liquid-crystal layers and a quarter-wavelength plate or 
an element constituted by a birefringent multilayer film is heretofore known as a polarizing element which can improve 
brightness of a liquid-crystal display device by overcoming such a disadvantage of the absorption type polarizing plate 
that about an half of incident light is absorbed as a loss (Japanese Patent Publication No. Hei. 4-268505 and PCT No, 
95/17691). 

20 [0004] The aforementioned element was designed so that linearly polarized light was made incident on an absorp- 
tion type polarizing plate under coincidence of axes of polarization to thereby prevent the absorption loss. There was, 
however, a problem that visual recognition property was lowered largely like the case of a prism array layer because 
remarkable display blur occurred when a liquid-crystal display device using the aforementioned element was viewed 
obliquely. Incidentally, in the prism an^y layer for achieving improvement of brightness by light path control, visual rec- 

25 ognitlon property was lowered greatly at an obliquely viewing angle not smaller than about 40 degrees because of low- 
ering of brightness. 

SUMMARY OF THF INVENTION 

30 [0005] An object of the present invention is to develop a polarizing element, an optical element and a polarized light 
supply unit, which can generate polarized light low in absorption loss due to an absorption type polarizing plate, which 
can supply incident light to liquid-crystal cells with good light utilizing efficiency and which can form a liquid-crystal dis- 
play device^xcellent in brightness and little in display blur 

[0006] According to an aspect of the present invention, there is provided a polarizing element having a function of 
35 separating natural light into reflected or transmitted light composed of polarized light, wherein a half-reflecting wave- 
length in each position in a surface of the polarizing element ranges within ±10 nm relative to a half-reflecting average 
wavelength. Hereupon, the half -reflecting wavelength is a wavelength which is located at a long or short wave side of a 
wavelength exhibiting maximum reflectivity on the basis of a spectrum of reflected light in a predetermined wave range 
in which the natural light is separated into the reflected light and the transmitted tight. And the half-reflecting wavelength 
40 exhibits reflectivity of 50 % with respect to the maximum reflectivity. The half-reflecting average wavelength is an aver- 
age of half-reflecting wavelengths In the whole surface of the polarizing element. 

[0007] The present invention further provides: an optical element including the aforementioned polarizing element, 
and an absorption type polarizing plate laminated on the polarizing element through an adhesive layer; a polarized light 
supply unit Including a surface light source provided with a reflection layer, and the aforementioned polarizing element 
45 or optical element disposed above the surface light source; and a liquid-crystal display device including the polarized 
light supply unit, and liquid-crystal cells disposed on the light output side of the polarized light supply unit through an 
absorption type polarizing plate. 

[0008] According to the present invention, there can be fonned a liquid-crystal display device which is so excellent 
in a polarized light separating function that polarized light low in absorption loss due to an absorption type polarizing 
so plate is provided with good incident light utilizing efficiency and which is so excellent in brightness so that display blur 
such as coloring is suppressed even at an obliquely viewing direction. This is based on suppression of scattering in half- 
reflecting wavelength in respective positions in a surface relative to a half-reflecting average wavelength. 
[0009] Features and advantages of the invention will be evident from the following detailed description of the pre- 
fenied embodiments described in conjunction with the attached drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0010] 



In the accompanying drawings: 
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Rg. 1 shows a sectional view of an example of an optical element; and 

Fig. 2 shows a sectional view of an example of a liquid-crystal display device. 

DETAILED DESCRiPTlQNI OF THE PREFERRE H FMBQDIMENTS 

5 

[00111 The polarizing element according to the present invention has a function of separating natural light into 
reflected or transmitted light composed of polarized light, wherein a half-reflecting wavelength in each position in a sur- 
face of the polarizing element ranges within ±10 nm relative to a half-reflecting average wavelength when the half- 
reflecting wavelength is a wavelength which is located at a long or short wave side of a wavelength exhibiting maximum 
10 reflectivity on the basis of a spectrum of reflected light in a predetennined wave range in which the natural light is sep- 
arated into the reflected light and the transmitted light And the half-reflecting wavelength exhibits reflectivity of 50 % 
with respect to the maximum reflectivity. The half-reflecting average wavelength is an average of half-reflecting wave- 
lengths in the whole surface of the polarizing element. 

[0012] The polarizing element exhibiting a function of separating natural light into reflected or transmitted light parts 
15 of polarized light may be made of a suitable material. Incidentally, an example of the polarizing element is a circular 
polarized-light separating layer such as a cholesteric liquid-crystal oriented layer for separating natural light into left and 
right circularly polarized light parts through reflection and transmission. 

[0013] Another example of the aforementioned polarizing element is an element capable of transmitting linearty 
polarized light with a predetermined axis of polarization and reflecting light other than the linearly polarized light, such 
20 as an element which is formed by laminating a large number of polymer layers of different photoelastic coefficient types, 
for example, from 10 to 1000 layers, and stretching the laminate so that refractive Indices of the layers in a predeter- 
mined direction in a plane are made coincident witti one another but refractive Indices of the layers in a direction per- 
pendicular to the predetermined direction are made different from one another 

[0014] The aforementioned cholesteric liquid crystal exhibits a circularly polarized light separating function having^ 
25 a wavelength characteristic which varies in accordance with the difference between helical pitches of Grandjean orien- 
tation. In the present invention, the circulariy polarizing light separating layer may be of a suitable fomi type, such as a 
circularly polarizing light separating layer having its helical pitch varying in a direction of tiie ttiickness thereof, a circu- 
lariy polarizing light separating layer constituted by a superposed body of two or more cholesteric liquidK^rystal layers 
different in the central wavelength of reflected light, or a circulariy polarizing light separating layer fonned as a combi- 
30 nation of ttie aforementioned two types of circularly polarizing light separating layers by superposing two or more chol- 
esteric liquid-crystal layers different in helical pitch in order of length based on the central wavelength off reflected light 
to make the helteal pitch vary in a direction of the thickness thereof. 

[0015] The superposition of two cholesteric liquid-crystal layers or three or more cholesteric liquid-crystal layers dif- 
ferent both in scattering in helical pitch in a direction of the thickness and In the central wavelength of reflected light, that 

35 Is, different In helical pitch, aims at widening and elongating tiie wave range of the separating function, etc. That is. in 
a single cholesteric liquid-crystal layer oriented In a predetermined direction, tiie wave range exhibiting selective reflec- 
tion property (dichroism for circularty polarized light) is generally limrted. Although the limit may be a wide range cover- 
ing an about 100 nm width, even the wave range cannot cover the whole range of visible light required for application 
to a liquid-crystal display device, or the like. Therefore, the superposition of cholesteric liquid-crystal layers aims at wid- 

40 ening the range of scattering in helical pitch to thereby widen tiie wave range exhibiting dtohroism for circulariy polarized 
light, etc. 

[0016] Incidentally, a circulariy polarizing light separating layer which can cover the range of visible light can be 
formed efficiently by superposing several kinds of cholesteric liquid-crystal layers with the central wavelengtti of selec- 
th^e reflection in a range of from 300 to 900 nm and different in helical pitch in such a combination that light circularty 
45 polarized in one direction is reflected. Further, the superposition of a combination of cholesteric liquid-crystal layers 
reflecting light circularly polarized in one direction aims at arranging the phase states of circulariy polarized light 
reflected by the respective layers to prevent different polarized states from occurring between the respective wave 
ranges to thereby increase the quantity of polarized light allowed to be used. 

[0017] In the aforementioned circularly polarizing light separating layer, the superposition of cholesteric liquid-crys- 
50 tal layers in order of length based on the central wavelength of reflected light aims at suppressing the color change of 
transmitted light caused by the view angle change, etc. In this case, there may be allowed a stratified structure having 
two or more cholesteric liquid-crystal layers of the same helical pitch type, such as a form in which one cholesteric liq- 
uid-crystal layer different in helical pitch from cholesteric liquid-crystal layers of the same helical pitch type is interposed 
between the cholesteric liquid-crystal layers of the same helical pitch type or two or more cholesteric liquid-crystal lay- 
55 ers different in helical pitch from cholesteric liquid-crystal layers of the same helical pitch type are interposed between 
the cholesteric liquid-crystal layers of the same helical pitch type in order of size of the central wavelength as described 
above. 

[0018] A low molecular weight cholesteric liquid crystal, or the like, may be used for fonming the circularly polarizing 
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light separating layer. From the point of view of handling characteristic, thin-film characteristic etc. of the resulting polar- 
izing element, a cholesteric liquid-crystal polymer may be preferably used. In this case, the polarizing element can be 
obtained as a single layer body of a cholesteric liquid-crystal polymer film, or the like, or as a multilayer body of the chol- 
esteric liquid-crystal polymer film supported by a plastic film, or the like. The polarizing element prefen^d from the point 
5 of view of enlargement, etc, of the view field angle for good visual recognition of the liquid-crystal display device, or the 
like, Is made of a cholesteric liquid-crystal polymer which is Grandjean-oriented in a faultless state of its domain, or the 
like! 

[0019] Incidentally, any suitably polymer may be used as the cholesteric liquid-crystal polymer without any particu- 
lar limitation. Hence, various kinds of polymers such as a main chain type or side chain type polymer in which a conju- 
w gate linear atom group (mesogen) for donating liquid-crystal orientation is introduced into the main or side chain of the 
polymer, etc. may be used. The wave range for selective reflection becomes wider as the difference between indices of 
double refraction of the cholesteric liquid-crystal polymer increases. Accordingly, a cholesteric liquid-crystal polymer 
larger in the difference between Indices of double refraction may be preferably used from the point of view of reduction 
of the number of layers, room for wavelength shifting at a large view field angle, etc. Incidentally, the liquid-crystal pol- 
ls ymer prefen-ed from the point of view of handling characteristic, stability of orientation at a practical temperature, etc. is 
a polymer having a glass transition temperature in a range of from 30 to 150 ®C. 

[0020] Incidentally, an example of the main chain type liquid-crystal polymer is a polymer having a structure in 
whteh a mesogen group made of a para-substitution al cyclic compound, etc. is bonded through a spacer portion for 
donating flexibility as occasion demands. Specific examples of the polymer are polyester polymers, polyamide poly- 

20 mere, polycarbonate polymers, polyester-imide polymers, etc. 

[0021] On the other hand, an example of the side chain type liquid-crystal polymer is a polymer which contains 
polyacrylate, polymethacrylate, polysiloxane, polymalonate, or the like, as a main chain frame, and a low-molecular liq- 
uid-crystal compound (mesogen portion) made of a para-substitutional cyclic compound, etc. as a side chain, through 
a spacer portion made of a conjugate atom group as occasion demands. Specific examples of the polymer are nematic 

25 liquid-crystal polymers containing low-molecular chiral agents, liquid-crystal polymers having chiral components intro- 
duced therein, mixed liquid-crystal polymers of nematic and cholesteric liquid-crystal polymers, and so on. 
[0022] As described above, even the polymer having a para-substitutional cyclic compound for donating nematic 
orientation characteristic constituted by para-substitutional aromatk: units, para-substitutional cyclohexyl cyclic units, 
etc. such as an azomethyne type, an azo type, an azoxy type, an ester type, a biphenyl type, a phenylcydohexane type, 

30 or a bicyclohexane type, can be cholesterically oriented by a method of introducing a suitable chiral component made 
of an asymmetric cartwn-containing compound or the like, a low-molecular chiral agent, or the like (Japanese Patent 
Publication No. Sho. 55-21479, United States Patent No. 5332522. and so on). Incidentally, the terminal substitutional 
group in a para position in the para-substitutional cyclic compound may be a suitable group such as a cyano group, an 
alkyi group, an atkoxy group, etc. 

35 [0023] Further, examples of the spacer portion are a polymethylene chain -{CH2)n-. a polyoxymethylene chain - 
(CHgCHgO)^-. etc. exhibiting flexibility. The number of times of repetition of structural units forming the spacer portion 
is determined suitably on the basis of the chemical structure, etc. of the mesogen portion. In the case of a polymethyl- 
ene chain, the number n is generally in a range of from 0 to 20, especially in a range of from 2 to 12. In the case of a 
polyoxymethylene chain, the number m is generally in a range of from 0 to 10, especially in a range of from 1 to 3. 

40 [0024] The fonmation of the circularly polarizing light separating layer of the cholesteric liquid-crystal polymer can 
be performed k>y a method according to the background-art low-molecular liquid-crystal orientation process. Inciden- 
tally, an example of the method is a method comprising the steps of: spreading a liquid-crystal polymer on a suitable 
oriented film such as an oriented film prepared by forming a film of polyimide, polyvinyl alcohol, polyester, polyallylate, 
polyamide-imide. polyether-lmlde, or the like, on a support base material and rubbing the film with a rayon fabric, or the 

45 like, an obliquely vapor deposited layer of Si02, an oriented film subjected to a stretching process, or the like; heating 
the liquid-crystal polymer at a temperature not lower than the glass transition temperature but lower than the isotropic 
phase transition temperature; and cooling the liquid-crystal polymer to a temperature lower than the glass transition 
temperature in a Grandjean-oriented state of molecules of the liquid-crystal polymer to thereby make the liquid-crystal 
polymer in a glass state to thereby form a solidified layer having the orientation fixed. 

so [0025] A suitable material such as a single or laminated layer or a stretched film of plastics such as triacetyl cellu- 
lose, polyvinyl alcohol, polyimide. polallylate, polyester, polycarbonate, polysulfone, polyether-sulfone, amorphous poly- 
olefin, denatured acrylic polymer, or epoxy resin, a glass plate, or the like, may be used as the aforementioned support 
base material. A plastic film is preferred from the point of view of reduction of thickness, etc. 

[0026] The spreading of the liquid-crystal polymer can be performed, for example, by a method comprising the 
55 steps of: spreading a solution of the liquid-crystal polymer dissolved in a solvent into a thin layer by a suitably method 
such as a spin coating method, a roll coating method, a flow coating method, a printing method, a dip coating method, 
a cast coating method, or the like; and drying the thin layer as occasion demands. Especially, a method such as a spin 
coating method, or the like. Is prefenred because a film excellent in unifomriity of thickness can be formed. Incidentally, 
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a suitable solvent such as methylene chloride, cyclohexanone. trichloroethylene. tetrachloroethane. N-methyipyro- 
lidone, tetrahydrofuran, or the like, may be used as the foregoing solvent 

[0027] The heating process for orienting the spread layer of the liquid-crystal polymer can be perfomied by heating 
the liquid-crystal polymer in a temperature range of from the glass transition temperature to the isotropic phase transi- 

5 tion temperature of the liquid-crystal polymer as described above, that is. in a temperature range in which the liquid- 
crystal polymer exhibits a liquid-crystal phase. Further, the fixation of the oriented state can be perfomned by cooling 
the liquid-crystal polymer layer to a lower temperature than the glass transition temperature. The condition for cooling 
is not particularty Rmited. Since the aforementioned heating process can be generally performed at a temperature not 
higher than 300 *»C. a naturally cooling method is generally employed. Incidentally, various additives such as a stabilizer. 

10 a plastldzer. metals, etc., can be mixed with the spread solution of the cholesteric liquid-crystal polymer as occasion 
demands. 

[0028] The prefened thickness of the liquid-crystal polymer solidified layer formed on the support base material is 
In a range of from 0.5 to 50 jim. especially In a range of from 1 to 30 jim. particularly in a range of from 2 to 1 0 um, from 
the point of view of prevention of both orientation disorder and lowering of transmissivHy. width of the wave range for 

IS selection reflection, etc. The liquid-crystal polymer solidified layer on the support base material may be integrated with 
the support base material or may be used as a film, or the like, separated from the support base material. Incidentally, 
in the case of using the support base material, the prefen-ed total thickness of the layer inclusive of the base material is 
In a range of from 2 to 500 jjun. especially in a range of from 5 to 300 jim. particularly in a range of from 1 0 to 200 urn. 
[0029] Incidentally, the production of the circularly polarizing light separating layer with its helical pitch varying in a 

20 direction of the thickness thereof can be performed, for example, by an operation of sticking a predetemnined number, 
two or three or more, of oriented cholesteric liquid-crystal polymer layers to one another by hot pressing. A suitable 
method such as a method of heating ttie cholesteric liquid-crystal polymer layere to a temperature not lower than the 
glass transition temperature but lower than the isotropic phase transition temperature through suitable hot pressing 
means such as a roll laminator to thereby contact-bond the cholesteric liquid-crystal polymer layers to one another can 

25 be employed for the hot pressing process. In the case of liquid-crystal polymer solidified layers integrated with support 
base materials respectively, a circularty polarizing light separating layer with its helical pitch varying in a direction of the 
thickness thereof can be obtained by superposing the solidified layers in accordance with the above description so that 
the solidified layere come into contact closely with each other. 

[0030] Incidentally, the circularly polarizing light separating layer having its helical pitch varying in a direction of the 
30 thickness thereof may exhibit a continuous wave range of reflected light or may exhibit a discontinuous wave range of 
reflected light The circularty polarizing light separating layer which is preferable from the point of view of prevention of 
occurrence of color blur, etc. exhibits a continuous wave range of reflected light. For example, such a circularly polariz- 
ing light separating layer can be produced by a method in which a superposed body of cholesteric liquid-crystal polymer 
layere formed by the aforementioned hot pressing operation, or the like, is heated at a temperature not lower than the 
35 glass transition temperature but lower than the Isotropfc phase transition temperature to thereby form a mixed layer of 
cholesteric liquid-crystal polymere for forming upper and lower layere in a close contact interface therebetween. 
[0031 ] In the above description, the cholesteric liquid-crystal polymer layer fomied by mixing cholesteric liquid-crys- 
tal polymers of the upper and lower layers forms a circulariy polarizing light separating layer with Its helteal pitch differ- 
ent from those of the upper and lower layers and varying multistageously in a direction of the thtekness thereof. 
40 Generally, tiie helical pitch of the circularly polarizing light separating layer takes one of intemnediate values between 
those of the cholesteric liquid-crystal polymer layers for fomriing the upper and lower layere, so that the circularly polar- 
izing light separating l^er together with the upper and lower layere fomns a region exhibiting a continuous wave range 
of reflected light 

[0032] Accordingly, when cholesteric liquid-crystal polymer layere are used In combination so that the wave ranges 
45 of reflected light in the upper and lower layere do not overiap each other, that Is, when cholesteric liquid-crystal polymer 
layere are used in combination so that a missing region due to discontinuity is present in a wave range of reflected light, 
the cholesteric liquid-crystal polymer layer fomned by mixing the upper and lower layers compensates for the foregoing 
missing region so that the wave range of reflected light can be made continuous. Hence, for example, a circularty polar- 
izing light separating layer capable of reflecting light even in a wave range of from 500 to 600 nm, which is a discontin- 
50 uous reflected light wave range, can be obtained by use of two kinds of cholesteric liquid-crystal polymer layere 
exhibiting a reflected light wave range of not larger than 500 nm and a reflected light wave range of not smaller than 600 
nm respectively What is meant by this is that a circulariy polarizing light separating layer exhibiting a wide-band reflec- 
tion wave range can be fonned by superposition of a smaller number of cholesteric liquid-crystal polymer layere. 
[0033] The polarizing element to be used in the present invention is provided so that a half-reflecting wavelength in 
55 each position in a surface of the polarizing element ranges within ±10 nm, especially within ±9 nm, particularly within 
±8 nm (scattertng characteristic) relative to a half-reflecting average wavelength when the half-reflecting wavelength is 
a wavelength which is located at the long or short wave side of a wavelength exhibiting the maximum reflectivity on the 
basis of the spectrum in a predetemnined wave range of light reflected by the polarizing element and which exhibits a 
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reflectivity of 50 % with respect to the maximum reflectivity, and the half-reflecting average wavelength is the average 
of half-reflecting wavelengths in the whole surface of the polarizing element, 

[0034] The aforementioned predetemiined wave range is determined suitably on the basis of the reflection property 
exhibited by the polarizing element used. Since a liquid-crystal display device, especially a color liquid-crystal display 
5 device, needs light covering the whole wave range of visible light, it is preferable that the aforementioned scattering 
characieristic is satisfied in a range Including the whole wave range of visible right, such as a wave range of from 300 
to 1000 nm. 

[0035] Incidentally, in a layer with a combination of reflection wave ranges, such as the aforementioned circularly 
polarizing light separating layer formed by superposing two or more cholesteric liquid-crystal layers different in the cen- 
to tral wavelength of reflected light, a spectral wavefonn having a plurality of peaks shaped like a chain of chevrons, or the 
like, may be often generated because the spectral waveform as a whole is generated by a combination of chevron- 
shaped or trapezoidal spectral wavefomis based on the respective liquid-crystal layers. 

[0036] According to the present invention, a wavelength exhibiting maximum reflectivity in the predetenmined wave 
range is detemnined uniquely even in the case where there are a plurality of peaks as described above. On the other 
IS hand, when light with a plurality of half-reflecting wavelengths exists on the long or short wave side of the wavelength 
exhibiting the maximum reflectivity, the condition for the aforementioned scattering is judged upon all the half-reflecting 
wavelengths. The polarizing element satisfying the condition for the aforementioned scattering is used In the present 
invention. 

[0037] In the case of a cholesteric liquid-crystal layer, the aforementioned scattering characteristic can be achieved 
20 by making the thfckness of the layer as uniform as possible. In the case of a plurality of layers, the aforementioned scat- 
tering characteristic can be achieved by making the thickness of each layer as unifonn as possible. In the case where 
a factor such as an ultraviolet absorber, or the like, which brings a pitch change in a thickwise direction, is contained, 
the aforementioned scattering characteristic can be achieved by improving both dispersibility of ttie factor and unifonm- 
ity of the quantity of ultraviolet-light in^diation. etc. Particularly, in a cholesteric liquid-crystal layer, unevenness of thick- 
25 ness caused by unevenness of coating, etc. makes the aforementioned scattering so large as to be apt to cause display 
blur. 

[0038] When the cholesteric liquid-crystal layer having its pitch varying in a direction of the thickness thereof is 
formed so that the pitch changes from a large value to a small value linearly viewed from the quarter-wavelength plate 
side, there is a tendency that the scattering on the long wave side has a large influence on display blur. When the chol- 
30 esteric liquid-crystal layer is contrariwise fonmed so that the pitch changes from a small value to a large value linearly 
viewed from the quarter-wavelength plate side, there is a tendency that the scattering on the short wave side have a 
large influence on display blur. 

[0039] On the other hand, the aforementioned scattering characteristic in the polarizing element capable of trans- 
mitting lineariy polarized light with a predetennined axis of polarization but reflecting other than the linearly polarized 

35 light can be achieved by making both thickness and birefringent property of each constituent layer of the multilayer film 
as uniform as possible, etc. In such a multilayer film type polarizing element, the birefringent property difference partic- 
ulariy caused by unevenness of stretching makes the scattering so large as to be apt to cause display blur. Accordingly, 
it is preferable that the stretching process is perfonned while the temperature for stretching the laminated film is kept as 
constant as possible. Incidentally, in the multilayer film type polarizing element, there is a tendency that the scattering 

40 both on the long and short wave sides have a large influence on display blur. 

[0040] The use of the polarizing element exhibiting the aforementioned scattering characteristic can improve the 
brightness of the liquid-crystal display device, or the like, stably and can suppress occurrence of display blur at an 
obliquely viewing angle. Further, lowering of frontal brightness can be suppressed when a prism array layer is disposed. 
[0041] The polarizing element according to the present Invention can be preferably used forforming the llquid-crys- 

45 tal display device, etc. as described above. In this case, the polarizing element having the aforementioned drculariy 
polarizing light separating layer may be used with a quarter-wavelength plate attached to at least one surface of the 
polarizing element. Such a quarter- wave length plate, which aims at linearly polarizing circularly polarized light transmit- 
ted through the circularly polarizing light separating layer, may be disposed on either front or rear surface of the drcu- 
lariy polarizing light separating layer even in the case where there is a difference In ttie central wavelengtti of reflected 

so light between the front and rear surfaces. 

[0042] The quarter-wavelength plate may be formed by using one phase difference layer or of two or more phase 
difference layers. In the case of a visible light range, a quarter-wavelength plate with a frontal phase difference In a 
range of from 1 00 to 180 nm is preferably used from the point of view of the linearly polarizing effect, compensation for 
the color change caused by obliquely transmitted light, etc. That is, the quarter-wavelength plate preferably used satis- 

55 fies the formula: (nx - ny)d = And = from 1 00 to 1 80 nm when nx represents the maximum refractive index in a surface 
of the quarter-wavelength plate, ny represents the refractive index in a direction perpendicular to the surface, nz repre- 
sents the refractive Index in a direction of the thickness of the quarter-wavelength plate, and d represents the thickness 
of the quarter-wavelength plate. 
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[0043] A phase difference layer, which may be used, as occasion demands, together with the phase difference layer 
exhibiting the function of the aforementioned quarter-wavelength plate, is provided for compensation's sake so that the 
color balance of light obliquely transmitted through the phase difference layer exhibiting the quarter-wavelength plate 
function is made more sufficiently coincident with the color balance of light perpendicularly transmitted through the 
5 phase difference layer, so that intermediate colors, which are less colored, can be visually recognized through the 
absorption polarizing plate. A phase difference layer with a frontal phase difference (A nd) in a range of from 1 00 to 720 
nm is preferably used. 

[0044] Incidentally, in the above description, the aforementioned phase difference layer which can be preferably 
used from the point of view of compensation for the color change, etc. is a layer which has a larger refractive index in a 
10 direction of the thickness than that In one direction or those in both directions in the surface or a layer in which Nz 
expressed by the fomiula: (nx - nz) /(nx -ny) is not larger than 5. preferably not larger than 2. more preferably not larger 
than 1 .5, further preferably not larger than 1 .1 (each pemnitting minus values). 

[0045] The phase difference Isyer can be fomned of any material at option. A material excellent in transparency and 
especially exhibiting fight transmissivity of not lower than 80 % to donate a unifomi phase difference is prefen-ed. Exam- 
is pies of the material to be used generally are stretched films and liquid-crystal polymers made of plastfcs, such as poly- 
caibonate. polyester, polysulfone. polyether-sulfone. polystyrene, polyolefins such as polyethylene and polypropylene, 
polyvinyl alcohol, cellulose acetate polymer, polyvinyl chloride, polyvinylidene chloride, polyallylate. polymethyl meth- 
acrylale, polyamlde. etc. Especially, liquid-crystal polymers oriented twlstedly are used preferably. 
[0046] The aforementioned phase difference layer having a large refractive Index In a direction of the thickness 
20 thereof can be formed by a suitable method such as a method in which a film fonmed of the aforementioned polymer, 
or the like, by a suitable method such as a casting method, an extrusion method, or the like. Is stretched or shrunken 
under heating by a uniaxial or biaxial method, for example, while the film is bonded to a heat-shrinkable film. 
[0047] The aforementioned characteristic such as And. Nz, etc. of the phase difference layer can be controlled by 
changing the condition for the material and thickness of the film, the magnification of stretch (shrinkage), the tempera- 
25 ture for stretch (shrinkage), etc. The general thickness of the phase difference layer ts in a range of from 1 0 to 500 ^im, 
especially in a range of from 20 to 200 urn in terms of a single layer. The thickness is not limited thereto. 
[0048] Incidentally, when a phase difference layer such as a quarter-wavelength plate is formed of a liquid-crystal 
polymer, the phase difference plate can be obtained as a plate having a suitable form such as an oriented film of the 
liquid-crystal polymer, an oriented layer of the liquid-crystal polymer supported by a transparent base material, or the 
30 like, on the basis of the case of the aforementioned circularly polarizing light separating layer. In the casing of using a 
liquid-crystal polymer, an aimed phase difference layer can be fonned without any stretching process. 
[0049] The quarter-wavelength plate may be constituted by a single phase difference layer as described above or 
may be constituted by a superposed body of two phase difference layers or of three or more phase difference layers 
different in phase difference. The superposition of such phase difference layers different in phase difference is effective 
35 for enlargement of the wave range pemnitting the function of the quarter-wavelength plate or the compensating plate as 
an object, etc. When a superposed body of phase difference layers is used, it is preferable from the aforementioned 
point of view to dispose at least one phase difference layer having a refractive index which is higher in a thickwise direc- 
tion than at least one of refractive indices nx and ny in the surface. 

[0050] The polarizing element according to the present invention can be put Into practical use in the form of an opti- 
40 cal element made of a laminate of the polarizing element and an absorption type polarizing plate. Fig. 1 shows an 
example of the optical element. The reference numeral 1 designates a polarizing element (clrcularty polarizing light sep- 
arating layer); and 3, an absorption type polarizing plate. Incidentally, in Fig. 1 , a quarter-wavelength plate 2 made of a 
superposed body of phase difference plates 21 and 22 is disposed between the polarizing element 1 and the absorption 
type polarizing plate 3 because the polarizing element 1 is constituted by a circularly polarizing light separating layer 
45 made of a superposed body of cholesterlc liquid-crystal layers 1 2 and 13. Incidentally, the reference numeral 1 1 desig- 
nates a base material for supporting the circularly polarizing light separating layer 12, 13. 

[0051] A suitable material such as a polarizing film or polyene oriented film impregnated with a dichromatic mate- 
rial, or the film coated with a transparent protective layer, may be used as the absorption type polarizing plate. Inciden- 
tally, an example of the polarizing film is a film formed by adsorbing a dichromatic material such as iodine, a dichromatte 
50 dye, or the like, onto a hydrophillc high-molecular film such as a polyvinyl alcohol film, a partially fonmalized polyvinyl 
alcohol film, or an ethylene-vinyl acetate copolymer partially saponified film and by stretching the hydrophillc high- 
molecular film. Examples of the polyene oriented film are dehydrates of polyvinyl ateohols, dehydrochlorinates of poly- 
vinyl chlorides, etc. 

[0052] For the formation of the liquid-crystal display device, a polarizing plate with a high degree of polarization 
55 such as a polarizing plate containing a dichromatic material is preferably used, from the point of view of achievement of 
a brilliant display, that is, achievement of display of a good contrast ratio due to incidence of highly linearly polarized 
light to liquid-crystal cells by transmitting highly linearly polarized light through the absorption type polarizing plate while 
preventing absorption loss as suffteiently as possible, etc. Especially, a polarizing plate containing a dichromatic mate- 
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rial and having light transmissivity of not lower than 40 % and a degree of polarization of not lower than 95.0 %. partic- 
ularly not lower than 99 %. is preferably used. 

[0053] Incidentally, the aforementioned transparent protective layer is provided for the purpose of protection partic- 
ularly when the absorption type polarizing plate is as poor in water resistance as a polarizing film containing a dichro- 
5 matic material. The transparent protective layer can be fomaed by a suitable method such as a method of applying 
plastics, or a method of laminating film-like materials. When the transparent protective layer is formed from separate 
materials such as films, it Is preferable from the point of view of prevention of reflection loss. etc. that the separate mate- 
rials are laminated so as to be integrated with one another through adhesh« layers. 

[0054] The thickness of the transparent protective layer may be determined suitably. The thfckness is selected to 
10 be generally not larger than 1 mm, especially not larger than 500 urn, particularly in a range of from 1 to 300 ^im. Inci- 
dentally, a suitable material may be used as the plastics. Generally, any one of materials exemplified above in the 
description of the liquid-crystal polymer-supporting transparent base material, the phase difference layer, etc, may be 
used as the plastics. 

[0055] Incidentally, the transparent resin layer can be fonned Into the form of a surface fine roughness structure by 
IS a method of impregnating the transparent resin layer with fine particles, or the like. Suitable transparent fine partfeles. 
for example, with a mean particle size in a range of from 0.5 to 50 jim may be used as the fine particles. Examples of 
the fine particles are inorganic fine particles of silica, alumina, titania, zirconia, tin oxide, indium oxide, cadmium oxide, 
antimony oxide, etc. which may be electrically conductive, and organic fine particles of crosslinked or non-crosslinked 
polymers, etc. The fine partteles content is generally in a rage of from 2 to 25 % by weight, especially in a range of from 
20 5 to 20 % by weight 

[0056] For arrangement of the absorption type polarizing plate 3 on the upper side of the quarter-wavelength plate 
2 as shown in the drawings, the angle of arrangement of the polarizing plate with respect to the quarter-wavelength 
plate may be detennined suitably in accordance with the phase difference characteristic of the quarter-wavelength 
plate, the characteristic of circularly polarized light incident thereon, etc. From the point of view of improvement of light 
25 Utilizing efficiency, etc.. the absorption type polarizing plate 3 is preferably disposed so that the transmission axis of the 
absorption type polarizing plate is as parallel with the direction of polarization of light llnearty polarized through the 
quarter-wavelength plate as possible. 

[0057] The optical element according to the present Invention is provided so that light such as natural light from a 
light source is separated into left and right circularly polarized light parts, left and right linearly polarized light parts, or 
30 the like, as light reflected or transmitted through a polarizing element, and that the circulariy. elliptically or linearly polar- 
ized light transmitted or reflected through the polarizing element is linearty polarized through a quarter-wavelength plate 
as occasion demands to supply the thus obtained linearty polarized light to the absorption type polarizing plate, or the 
like. 

[0058] Accordingly, as shown in Fig. 2. a polarized light supply unit adapted to a back light of a liquid-crystal display 
35 device, or the like, can be formed by disposing the aforementioned polarizing element or optical element on a suitable 
surface light source 4 such as a side light type light pipe or an EL lamp. Incidentally, the surface light source shown in 
Rg. 2 has a light pipe 4, and a light source 42 disposed on a side surface of the light pipe 4. Incidentally, Rg. 2 shows 
an example of a liquid-crystal display device fomned by use of such a polarized light supply unit. 
[0059] According to the polarized light supply unit shown in Fig. 2, light from the light source 42 is incident to the 
40 side surface of the light pipe 4, reflected by a rear surface, etc. of the light pipe and output from a front surface of the 
light pipe. The output light is transmitted as specific circulariy polarized light (perpendicular) or as specific elliptically 
polarized light (oblique) through a circulariy polarizing light separating layer 1 (polarizing element) disposed on the front 
surface side of the light pipe. The transmitted light Is linearty polarized through a quarter-wavelength plate 2. The line- 
arty polarized light Is incident to an absorption type polarizing plate 3. On the other hand, light reflected as nonspecific 
45 circularly polarized light on the circulariy polarizing light separating layer 1 is incident to the light pipe again and 
reflected through the reflection layer 41 disposed on the rear surface, etc. of the light pipe. The reflected light is incident 
as retum light to the circularly polarizing light separating layer 1 again. 

[0060] The state of polarization of the aforementioned light reflected on the circularly polarizing light separating 
layer Is changed when the light is reflected on the rear surface of the light pipe, so that part or all of the reflected light 
so Is transformed into specific circularly polarized light which can be transmitted through the circulariy polarizing light sep- 
arating layer. Accordingly, the light reflected on the circularly polarizing light separating layer is confined in between the 
circularly polarizing light separating layer and the light pipe while reflection is repeated therebetween until the reflected 
light is transfomned into specific circularly polarized light 

[0061] In the side light type light pipe as described above, reflected light is confined in between the circularly polar- 
55 izing light separating layer and the light pipe while reflection is repeated therebetween. In course of time, the state of 
polarization is changed to a state permitting the light to be transmitted through the circulariy polarizing light separating 
layer. As a result, the light is output together with initially transmitted light of incident light In this manner, unused part 
of light due to reflection loss Is reduced. 
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[0082] On the other hand, light output from the circularly polarizing light separating layer is transfomied into linearly 
polarized light or elliptically polarized light containing a large amount of linearly polarized light component through the 
quarter-wavelength plate. The thus transfomned light is little absorbed but transmitted through the absorption type 
polarizing plate when the direction of linear polarization of the light coincides with the transmission axis of the absorp- 
tion type polarizing plate. In this manner, unused part of light due to absorption loss is reduced. As a result. light part 
unused as reflection loss or absorption loss in the background art can be utilized effectively to thereby make it possible 
to improve the light utiFizing efffclency. Accordingly, a side light type light pipe can be preferably used as a surface light 
source. 

[0063] Any suitable plate having a reflection layer on its rear surface to output light toward its front surface side can 
be used as the aforementioned light pipe. Preferably, as the light pipe, a plate capable of outputting light efficiently with- 
out any absorption is used. An example of the prefen-ed light pipe is a known side light type back light which is provided 
In a liquid-crystal, display device and in which a linear light source such as a (cold or hot) cathode tube or a light source 
such as a light-emitting diode is disposed on a side surface of the light pipe 4 so that light transmitted through the light 
pipe is Incident on a single surface side of the light pipe by diffusion, reflection, diffraction. Interference, etc. 
[0064] In the above description, the light pipe designed so that light transmitted in the inside thereof is incident on 
a single surface side can be obtained. In such a light pipe, for example, a diffusing member is provided in the fomi of 
dots or stripes on a light output surface of a transparent or semrtransparent resin plate or on a near surface thereof, or 
an uneven structure, especially a fine prism array-like uneven structure is given to a light output surface of such a resin 
plate or to a rear surface thereof. 

[0065] Although the light pipe outputs light through one surface side, the light pipe rtself may have a function of 
transforming polarization of fight reflected by the polarizing element. When the reflection layer 41 is further provided on 
the rear surface of the light pipe, reflection loss can be approximately perfectly prevented. The reflection layer such as 
a diffuse reflection layer or a min-or reflection layer is excellent in the function of transforming polarization of light 
reflected on the polarizing element and can be preferably used In the present invention. 

[0066] Incidentally, the diffuse reflection layer represented by an uneven surface, or the like, randamizes the state 
of polarization by its diffusing function to eliminate the state of polarization. The mirror reflection layer is represented by 
a layer on whteh aluminum, silver or the like is vapor deposited, a resin plate provided with such a vapor deposited layer, 
and a metal surface of metal foil. Thus, the min-or reflection layer inverts the state of polarization when polarized light is 
reflected by the min-or reflection layer. 

[0067] For the formation of the polarized light supply unit, as shown in Rg. 2, a prism anay layer 5 made of a prism 
sheet, or the like, for controlling the outgoing direction of light, a diffusing plate for obtaining unifonm light emission, 
reflection means for returning leakage light or auxiliary means such as a light source holder for leading outgoing light 
from a linear light source to a side surface of the light pipe may be disposed as one layer or as a suitable combination 
of two or more layers In a predetemnined position such as an upper, lower or side surface of the light pipe 4 as occasion 
demands. 

[0068] In the above description, the prism anay layer or the diffusing plate disposed on the front surface side (light 
output side) of the light pipe, dots given to the light pipe, etc. can function as polarization transforming means for chang- 
ing the phase of reflected light by its diffusing effect, etc. Incidentally, when two or more prism an-ay layers are disposed, 
the prism array layers are preferably disposed in an optical anisotropy eliminated state by differentiating the angles of 
arrangement of prism arrays in the respective layers from each other, for example, by means of making the prism arrays 
cross each other perpendicularly or obliquely. 

[0069] According to the present Invention, respective parts including a circularly polarizing light separating layer, a 
quarter-wavelength plate, an absorption type polarizing plate, a light pipe. etc. for fomiing a polarizing element, an opti- 
cal element or a polarized light supply unit can be integrally laminated on one another through adhesive layers as occa- 
sion demands. The integral lamination of constituent parts is effective for prevention of lowering of display quality, etc. 
due to both suppression of reflection loss in each interface, and prevention of foreign matter, etc, from invading each 
Interface; and for prevention of lowering of compensating efficiency, polarization transforming efficiency, etc. due to dis- 
placement of optteal systems, and so on. Accordingly, also when the circulariy polarizing light separating layer, the quar- 
ter-wavelength plate, the absorption type polarizing plate, the light pipe, or the like, is formed of a plurality of layers, the 
layere are preferably bonded to one another through adhesive layere or the like so as to be integrated with one another. 
[0070] Any suitable adhesive, or the like, can be used for the aforementioned integral lamination. Especially, a tacky 
layer excellent in stress relaxing property may be preferably used from the point of view of suppressing stress produced 
in the polarizing element, the quarter-wavelength plate, the absorption type polarizing plate, or the like, by heat con- 
ducted from a light source, or the like, to thereby prevent the change of the refractive index caused by photoelastic 
deformation to thereby fomn a liquid-crystal display device brilliant and excellent in reliability of visual recognition and 
display quality. 

[0071 1 A transparent adhesive formed by use of any suitable polymer such as acrylic polymer, silicone polymer, pol- 
yester, polyurethane, polyether or synthetic rubber may be used for forming tiie tacky layer Especially, an acrylic adhe- 
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sive may be preferably used from the point of view of optical transparency, tacky property, weather resistance, etc. 
[0072] The thickness of the tacky layer may be detenmined suttably. Generally, the thtekness is set to be in a range 
of from 1 to 500 ^m. especially In a range of from 2 to 200 m, particularly in a range of from 5 to 100 jim, from the 
point of view of adhesive force, reduction of thickness, etc. Incidentally, any suitable additive can be mixed with the tacky 

5 layer as occaston demands. Examples of the additive include: tackifiers such as petroleum resin, rosin resin, terpene 
resin, coumarone-indene resin, phenol resin, xylene resin and alkyd resin; a softener such as phthalic ester, phosphoric 
ester, paraffin chloride, polybutene and polyisobutylene; various kinds of fillers; age resistors; and so on. 
[0073] The formation of the integrally laminated optical element, etc. can be achieved, for example, by a method in 
which: a tacky layer provided on a separator of a thin sheet such as a film, surface-treated with a releasant is transferred 

10 onto an adhesive surface of a polarizing element, a quarter-wavelength plate is contact-bonded onto the tacky layer as 
occasion demands; a tacky layer is further transferred onto the quarter-wavelength plate in the same manner as 
described above; an absorption type polarizing plate is disposed on the tacky layer; and the laminated parts are con- 
tact-bonded to one another. 

[0074] Alternatively, the formation of the integrally laminated optical element, etc, may be achieved by any suitable 
75 method as follows. An example is a method in which: a tacky layer provided on a separator is transferred onto an adhe- 
sive surface of a light pipe, or the like; a polarizing element is disposed on the tacky layer so as to be contact-bonded 
thereto; and a quarter-wavelength plate and an absorption type polarizing plate are contact-bonded successively to the 
polarizing element through tacky layers transferred thereonto in the same manner as described above as occasion 
demands. Another example is a method in which: adherends such as a polarizing element an absorption type polariz- 
20 ing plate, a light pipe. etc. are laminated on one another in a predetermined sequence through tacky layers provided on 
predetermined adhesive surfaces in advance; and the laminate is pressed so that the adherends are contact-bonded 
to one another collectively. 

[0075] The polarizing element, the optical element or the polarized light supply unit according to the present inven- 
tion may include any suitable optical layer such as a light diffusing plate disposed in a suitable position, for example, on 
25 a surface thereof or between layers. In this case, the optical layer may be integrally laminated on the polarizing element, 
etc. through a tacky layer, or the like, excellent in stress relaxing property. Such a pre-adhesion method has an advan- 
tage for production of an element stabler in quality and more excellent in reliability than the element produced by the 
method of successive adhesion in assembling line, etc. 

[0076] Incidentally, parts such as a liquid-crystal layer, a quarter-wavelength plate, an absorption type polarizing 
30 plate, a light pipe, an adhesive layer, another optical layer, etc. for forming the polarizing element, the optical element 
or the polarized light supply unit accorciing to the present invention may be formed to have ultraviolet absorbing ability, 
for example, by a method of treating the parts with an ultraviolet absoriaer such as a salicylic ester compound, a benz- 
ophenol compound, a benzotriazole compound, a cyanoacrylate compound or a nickel complex salt compound. 
[0077] As described above, the polarizing element or optical element according to the present invention is com- 
as bined with a suitable surface light source such as a side light type light pipe so that light polarized by the polarizing ele- 
ment Is transformed in tenns of polarization to be reused as output light as occasion demands to thereby prevent 
reflection loss. Moreover, the output light is phase-controlled through a quarter-wavelength plate as occasion demarids 
so that the state of the output light is transformed into a state rich in linearly polarized light components capable of being 
transmitted through an absorption type polarizing plate to thereby prevent absorption loss due to the absorption type 
40 polarizing plate. As a result, improvement of brightness can be achieved. 

[0078] Accordingly, the polarizing element or optical element according to the present invention can be preferably 
used in various devices as a back light system in a liquid-crystal display device, or the like, because ttie polarizing ele- 
ment or optical element is sufficiently excellent in light utilizing efficiency to provide light to be easily transmitted through 
an absorption type polarizing plate and is easy to Increase the area thereof, etc. In this case, it Is preferable from the 
45 point of view of use of output light as a light source that the output light contains 65 % or more, especially 70 % or more 
of a lineariy polarized light component capable of being transmitted through an absorption type polarizing plate in the 
form of linearly polarized light or the major-axis component of elliptically polarized light. 

[0079] Rg. 2 shows a liquid-crystal display device using the polarized light supply unit according to the present 
Invention as a back light system. In the liquid-crystal display device, liquid-crystal cells 6 are disposed through an optical 
so element on the light output surface side of the light pipe 4 forming the polarized light supply unit. The liquid-crystal cells 
6 are disposed on the quarter-wavelength plate 2 side of the optical element as shown in Rg. 2. In Rg. 2, the reference 
numeral 61 designates an absorption type polarizing plate; and 7, a light diffusing plate for diffusing light for visual rec- 
ognition. 

[0080] The optical element or polarized light supply unit according to the present invention can be particularly pref- 
55 erably used for forming a liquid-crystal display device having absorption type polarizing plates disposed on both sides 
of liquid-crystal cells. Incidentally, when the optical element has an absorption type polarizing plate on the upper side 
of the quarter-wavelength plate, the absorption type polarizing plate on the optical element side of the liquid-crystal 
cells can be omitted. 



10 



EP 1 058 148 A2 

[0081] Generally, the fiquid-crystal display device is formed by suitably assembling constituent parts such as an 
absorption type polarizing plate, liquid-crystal cells, a back light, if necessary, a compensating phase difference plate, 
and by incorporating a driving circuit thereinto. According to the present invention, the liquid-crystal display device can 
be fonned in accordance with the background art without particular limitation except that the polarizing element, the 
5 optical element or ttie polarized light supply unit is disposed on the back surface of the liquid-crystal cells on their visual 
recognition side as described above. It is. however, preferable that the constituent parts are integrally bonded to one 
another through tacky layers respectively. 

[0082] Further, the polarizing element, the optteal element or the polarized light supply unit according to the present 
Invention can be preferably adapted to liquid-crystal cells requiring Incidence of polarized light, such as cells using a 
10 twist nematic liquid crystal or cells using a supertwist nematic liquid crystal. It may be adapted also to liquid-crystal cells 
using a non-twist liquid crystal, a guest-host liquid crystal containing a dichromatk: material dispersed therein, a ferro- 
electric liquid crystal, or the like. 

[0083] When the liquid-crystal display device is fonmed. for example, suitable optical layers such as a light diffusing 
plate, an anti-glare layer, an anti-reflection film, a protective layer and a protective plate whfeh are provided on the polar- 

15 izing plate on the visual recognition side, or such as a compensating phase difference plate which is provided between 
the liquid-crystal cells and the polarizing plate on the visual recognition side may be disposed suitably. Incidentally, gen- 
erally, an optical layer in whteh a plurality of polymer thin films are laminated (Japanese Patent Publication No. Hei. 4- 
268505 and PCT No. 95/17691) may be disposed between the back light and the liquid-crystal cells for the purpose of 
Improvement of brightness, etc. 

20 [0084] The aforementioned compensating phase difference plate compensates for wavelength's dependence on 
birefringence for the purpose of improvement of the visual recognition property, etc. According to the present invention, 
the compensating phase difference plate may be disposed between the absorption type polarizing plate on the visual 
recognition side and the liquid crystal cells or/and between the absorption type polarizing plate on the back light side 
and the liquid crystal cells as occasion demands. Incidentally, any suitable plate may be used as the compensating 

25 phase difference plate in accordance with the wave range, etc. The compensating phase difference plate may be 
formed as a single phase difference layer or as a multilayer of two or more phase difference layers. The compensating 
phase difference plate can be obtained as a stretched film, a fiquid-crystal polymer layer, or the like, as described in the 
aforementioned quarter-wavelength plate. 



30 Example 1 

[0085] A tetrahydrofuran solution containing 20 % by weight of an acrylic thermotropic cholesteric liquid-crystal pol- 
ymer with a selective reflection wave range A of from 400 to 470 nm was applied onto a polyvinyl alcohol-rubbed sur- 
face (about 0.1 nm tiiick) of a triacetyl cellulose film 50 ^m thick by a spin coater. The film was heated at 1 6Q±2*C for 2 

35 minutes to be oriented. Then, the film was left at the room temperature to be cooled. Thus, a circularly polarized light 
separating layer 1 .5±0.1 ^im thick and capable of transmitting left circularly polarized light was fonned. 
[0086] Then, circulariy polarizing light separating layers capable of transmitting left circularly polarized light with a 
selective reflection wave range B of from 500 to 580 nm. with a selective reflection wave range C of from 600 to 690 nm 
and with a selective reflection wave range D of from 700 to 800 nm, respectively, were laminated on the aforementioned 

4o Circularly polarizing light separating layer A successively in the aforementioned manner except tiiat the respective lay- 
ers B, C and D were prepared by changing the ratio of two kinds of mesogens. Thus, an element made of a laminate of 
the circularly polarizing light separating layers A, B, C and D in alphabetical order and exhibiting dichroism for circularly 
polarized light was produced. A quarter-wavelength plate made of a stretched film of polycari^onate and having a frontal 
phase difference of 130 nm and an Nz value of 0.5 was bonded onto a surface of tiie circulariy polarizing light separat- 

45 ing layer D (larger helical pitch side) through an acrylic tacky layer 20 jim thfck. Thus, a polarizing element was pro- 
duced. 



Example 2 



so [0087] A polarizing element was produced similariy to Example 1 except that circulariy polarizing light separating 
layers prepared by changing only the ratio of two kinds of mesogens and capable of transmitting left circularly polarized 
light with a selective reflection wave range E of from 800 to 910 nm, with a selective reflection wave range D of from 
700 to 800 nm, with a selective reflection wave range C of from 600 to 690 nm, with a selective reflection wave range 
B of from 500 to 580 nm and with a selective reflection wave range A of from 400 to 470 nm, respectively, were lami- 

55 nated successively to thereby produce an element made of a laminate of the circularly polarizing light separating layers 
E, D, C, B and A in order and exhibiting dichroism for circularly polarized light, and that a quarter-wavelength plate made 
of a stretched film of polycartjonate and having a frontal phase difference of 130 nm and an Nz value of 2 was bonded 
onto a surface of the circulariy polarizing light separating layer E (larger helical pitch side) of the element. 
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Example 3 

[0088] A hundred layers of polyester or denatured polyester films in a thfckness range of from 2 to 1 0 jim were lam- 
inated alternately in order of thickness and thennally contact-bonded at 190*>C so as to be integrated with one another 
5 Then, such laminates were stretched to be 1 . 1 times. 1 .2 times, 1 .3 times and 1 .4 times respectively at 1 70±1 "C. The 
thus stretched laminates were laminated and bonded onto one another in order of stretching magnification through 
acrylic tacky layers 20 |i m thick each. Thus, a polarizing element was produced. 

Comparative Example 1 

10 

[0089] A polarizing element was produced in the same manner as in Example 1 except that the spin coater was 
replaced by a bar coater by which cincularty polarizing light separating layers 1 .5±0.5 \xm thick each were fbmned, and 
that the thus formed circularly polarizing light separating layers were laminated on one another. 

IS Comparative Example 2 

[0090] A polarizing element was produced in the same manner as in Example 2 except that the spin coater was 
replaced by a bar coater by which cincularty polarizing light separating layers 1 .5±0.6 ^un thick each were formed, and 
that the thus obtained circularty polarizing light separating layers were laminated on one another. 



Comparative Example 3 



[0091] A polarizing element was produced in the same manner as in Example 3 except that the laminates were 
stretched to be 1.05 times, 1.10 times, 1.15 times and 1.20 times at 130±5»C, and that the thus formed resulting 
25 stretched laminates were used. 

Evaluation Test 

Half-Reflecting Wavelength 

30 

[0092] Reflectivity in each of the polarizing elements produced in Examples and Comparative Examples was meas- 
ured in a wave range of from 300 to 1000 nm by using a spectrophotometer (MCPD-2000). The average value of half- 
reflecting wavelengths at five points in a surface and deviations of the measurement value from the average value were 
examined on the basis of the maximum reflectivity measured. 

35 

Display Blur 

[0093] Each of the polarizing elements produced in Examples and Comparative Examples was disposed on a side 
light type surface light source having: an acrylic light pipe having a thickness of 4 mm and having a dot-printed rear sur- 

40 face; a cold-cathode tube with a diameter of 3 mm disposed on a side surface of the light pipe; an aluminum vapor dep- 
osition film for surrounding the cold-cathode tube; and a reflection sheet of a foamed polyester film provided on the dot- 
printed rear surface of the light pipe. An absorption type polarizing plate (SEG1425DU, made by Nitto Denko Corp.) 
having an axial angle adjusted to exhibit the maximum brightness was disposed on the polarizing element. In the afore- 
mentioned condition, display blur (chromatlclty) in an oblique viewing direction was evaluated by eye observation. 

45 [0094] Results of the aforementioned evaluation were shown in the following Table. 





Scattering in Half- Reflecting Wave- 
length 


Display Blur 




Long Wave Side 


Short Wave Side 




Example 1 


750+3 nm 


41Q±2nm 


Littie 


Example 2 


850±3 nm 


415±4nm 


Littie 


Example 3 


87Q±5 nm 


400±7 nm 


Littie 


Comparative Example 1 


755±13 nm 


415±15 nm 


Remarkable 
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(continued) 





Scattering in Ha If- Reflecting Wave- 
length 


Display Blur 




Long Wave Side 


Short Wave Side 




Comparative Example 2 


845±18 nm 


410±14nm 


Remarkable 


Comparative Example 3 


88Q±19 nm 


420±22 nm 


Remarkable 



10 [0095] Although the invention has been described in its prefen-ed form with a certain degree of particularity, it is 
understood that the present disclosure of the preferred form can be changed in the details of construction and in the 
combination and arrangement of parts without departing from the spirit and the scope of the invention as hereinafter 
claimed. 

15 Claims 

1. A polarizing element having a function of separating natural light into reflected light and transmitted light each of 
composed of polarized light. 

wherein a half-reflecting wavelength in each position in a surface of said polarizing element ranges within ±10 nm 

20 relative to a half-reflecting average wavelength, and 

wherein (i) the half-reflecting wavelength is a wavelength which is located at a long or short wave side of a wave- 
length exhibiting maximum reflectivity based on a spectrum of reflected light in a predetermined wave range in 
which the natural light is separated into the reflected light and the transmitted light, and the half-reflecting wave- 
length exhibits reflectivity of 50 % with respect to the maximum reflectivity, and (ii) the half-reflecting average wave- 

25 length Is an average of half-reflecting wavelengths in a whole surface of said polarizing element. 

2. A polarizing element according to claim 1 . wherein said polarizing element comprises one of (i) a cholesteric liquid- 
crystal layer and (ii) a combination of the cholesteric liquid-crystal layer and a quarter-wavelength plate, and said 
predetennined wave range is from 300 to 1000 nm. 

30 

3. A polarizing element according to claim 1 , wherein said polarizing element comprises an element which is capable 
of transmitting linearly polarized light with a predetermined axis of polarization while said element reflects light 
other than said linearly polarized fight, wherein said predetemriined wave range is from 300 to 1000 nm. 

35 4. An optical element, wherein a polarizing element according to any one of claims 1 to 3, and an absorption type 
polarizing plate are laminated one on another through an adhesive layer 

5. A polarized light supply unit, wherein a polarizing element according to any one of claims 1 to 3 is disposed above 
a surface light source which is provided with a reflection layer. 

6. A polarized light supply unit according to claim 5, wherein said polarized light supply unit has at least one prism 
an^ layer. 

7. A polarized light supply unit according to claim 6. wherein said polarized fight supply unit has at least two prism 
45 an-ay layers arranged so that the directions of arrays in upper and lower layers intersect each other. 

8. A liquid-crystal display device wherein liquid-crystal cells are disposed on a light output side of a polarized light sup- 
ply unit according to any one of claims 5 to 7. 

50 9. A polarizing element according to claims 1 to 3, wherein layers to be formed are wholly or partially bonded to each 
other through an adhesive layer. 

10- A polarized light supply unit, wherein an optical element according to claim 4 is disposed above a surface light 
source which is provided with a reflection layer. 

55 

11. A polarized light supply unit according to claim 10, wherein said polarized light supply unit has at least one prism 
array layer. 
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12. A polarized light supply unit according to claim 11, wherein said polarized Fight supply unit has at least two prism 
array layers arranged so that the directions of arrays in upper and lower layers intersect each other. 

1 3. A liquid^rystal display device wherein liquid-crystal cells are disposed on a light output side of a polarized light sup- 
ply unit according to any one of claims 10 to 12. 

14. An optical element according to claim 4, wherein layers to be formed are wholly or partially bonded to each other 
through an adhesive layer. 

15. A polarized light supply unit according to any one of claims 5 through 7, wherein layers to be formed are wholly or 
partially bonded to each other through an adhesive layer. 

16. A liquid-crystal display device according to claim 8, wherein layers to be fonned are wholly or partially bonded to 
each other through an adhesive layer. 
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FIG. 1 




FIG. 2 
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